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SAFETY PRECAUTIONS 


Cleaning 

The cleaning solvent is highly inflammable. Do not use solvent near an open flame. 

Removal 

When removing lock nnt from transmission, remove all staked material to prevent danu 
transmission shaft. 

When removing bearing cage from transmission, shaft must be held back in transmisa 
prevent damage to oil flinger. 

installation 

The clearance between the top of circle drive gear tooth and the bottom of the ring gear 
must be 3/16 inch minimum to 3/8 inch maximum. Do not operate circle under load when 
anoe is more than 3/8 inch. Damage to circle reverse gear assembly could result. 

Testing 

When testing starter, never operate starter more than 30 seconds at a time. Allow the si 
to cool off at least two minutes between cycles. Overheating, caused by excessive crankinj 
seriously damage the starter. 

When performing lock torque test on starter, make certain brake arm does not slip ofi 
when current is applied. 

Electrical Parts 

Never use solvent to clean gaskets, insulators, or resistors. Handle windings and leads 
extreme care. Never twist or pull winding leads. 

Repair 

When depressing injector follower, keep hands away from area of injector spray tip. An; 
remaining in the injector will be forced out under pressure. The force of the pressure could 
the fuel through the skin and into the blood stream where blood poisoning could result, 
caiution applies to all injector tests. 

When connecting injector fuel pipes, do not exceed torque specification. Excessive torque 
twist or crack flared end of fuel pipe and result in leaks. Lubricating oil diluted by fuel a 
cause serious damage to engine bearings. 

When using carbon removing compound (Spec. FED P-CPlll) use goggles, rubber glovei 
rubber apron. If solvent is splashed on the skin, flush immediately with fresh water and 
with alcohol. Alcohod with two to three percent camphor is preferrable. 
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CHANGE 
No. 1 


HEADQUARTERS 
DEPARTMENT OF THE ARMY 
Washington, D. C., 29 March 1968 


DS, GS, and Depot Maintenance Manual 

GRADER, ROAD, MOTORIZED: DIESEL ENGINE DRIVEN; 
13,300 LB. PRESSURE AT BLADE; 12 FT. BLADE; 

6 WHEELS, 4 DRIVING, 2 STEERABLE; 
LEANING FRONT WHEELS; W/ SCARIFIER 
(LE TOURNEAU-WESTINGHOUSE MODEL 440HA) 
FSN 3805-931-7881 


TM 5-3805-237-35, 31 July 1967, is changed as follows; 
The cover and title page is changed as shown above. 


Page 1-1. Paragraph 1-16 is superseded as follows; 

6. Report of errors, omissions, and recom- 
mendations for improving this publication by the 
individual user is encouraged. Reports should be 
submitted on DA Form 2028 (Recommended 
Changes to DA Publications) and forwarded 
direct to the Commanding General, U. S. 
Army Mobility Equipment Command, ATTN; 
AMSME-MPP, 4300 Goodfellow Boulevard, St. 
Louis, Mo. 63120. 


Page 7-1. Figure 7-1 is superseded by new figure 
7-1 as follows: 

Page 9-9. Subparagraph 9-6g is superseded as 
follows: 

g. Adjustment. For adjustment instructions, 
refer to TM 5-3805-237-12. 

Page 9-15. Figure 9-11 is rescinded. 



'^ower Shift Steering 



Figure 7 1 . Hydraulic system, schematic diagram. 




By Order of the Secretary of the Army: 


HAROLD K. JOH^JSON, 
General, United States An 

Official: Chief of Staff. 

KENNETH G. WICKHAM, 

Major General, United States Army, 

The Adjutant General, 


Distribution: 

To be distributed in accordance with DA Form 12-25, Section II, Organizational Maintenance requirements 
Earthmoving Equipment, Graders. 
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Change i HEADQUARTERS 

^ DEPARTMENT OF THE ARM 

No. 2 i Washington, D.C., 12 November 19 

DS, GS, And Depot Maintenance Manual 
GRADER, ROAD, MOTORIZED: DIESEL ENGINE DRIVEN; 

1 3,300 LB PRESSURE AT BLADE; 1 2 R BLADE; 6 WHEELS, 

4 DRIVING, 2 STEERABLE; LEANING FRONT WHEELS; 

W/SCARIFIER (LE TOURNEAU-WESTINGHOUSE MODEL440HA) 

FSN 3805-931-7881 

TM 5-3805-237-35, 31 July 1967, is changed as fol- ring (para 12-40)” is changed to read “Re 
lows: broken ring (para 12-43)”. 

Page 2-3. paragraph 2-10, line 14. “Replace broken Page 10-8. Figure 10-4 is superseded as follows 


1 Screw 

2 Nut 

3 Washer, lock 

4 Pedal pad 

5 Screw 

6 Nut 

7 Washer, lock 

8 Bracket 

9 Lubrication fitting (4) 

10 Lubrication fitting 

11 Lubrication fitting 

12 Pineotter 

13 Nut 

14 Nut 

15 Nut 

16 Swivel 

17 Compression spring 

18 Pin cotter 

19 Washer, flat 

20 Link rod 

21 Extension spring 

22 Shoulder bolt 

23 Lock nut 

24 Lever 

25 Tapered nut 

26 Link stud 

27 Screw 


28 Washer, lock 

29 Washer, flat 

30 Angle bracket 

31 Pin cotter 

32 Nut slotted 

33 Nut 

34 Ball joint 

35 Nut, jam 

36 Link rod 

37 Nut 

38 Washer 

39 Nut 

40 Ball joint 

41 Adjusting link 

42 Screw 

43 Nut 

44 Washer 

45 Key 

46 Clutch 

47 Brake lever 

48 Locknut 

49 Pin cotter 

50 Washer, flat (3) 

51 Brake actuating lever 

52 Brushing (2) 

53 Clutch lever 



Page, 11-t Paragraph 11-2, “c. Cleaning* is 
changed to read Cleaning". 

Page 11-3. Paragraph 11-2, “d. Inspection and Re- 
pair^' is changed to read “e. Inspection and Re- 
pair^*. 

Paragraph ll-2e is changed to read 11-^. 
Paragraph 11-^ is changed to read ll-2g. 


Page 11-11. Paragraph 11-66 is rescinded. 
Paragraph ll-6d is rescinded. 

Page 11-13. Paragraph ll-6e is rescinded. 
Page 12-3. Paragraph 12-6a. Line 15, “cranki 
housing and cylinder head” is changed to 
“campockets”. 

Page 12-13. Figure 12-8 is superseded as follow 






ME 3805.237-35/12^8 C: 

1 

Screw 

6 Nut 

11 Washer 

16 Stud 

2 

Nut 

7 Wasner 

12 Washer 

17 Pipe plug 

3 

Washer 

8 Muffler 

13 Bracket 

4 

Clamp 

9 Gasket 

14 Exhaust manifold 


5 

Muffler 

10 Nut 

15 Gasket 




Figure 12-8. Exhaust system, exploded view. 




changed to read “Four”. 

Page 12-109. Paragraph 12>37o (1) is superseded as 
follows: 

(1) A completely inclosed train of five helical 
gears is located at the flywheel end of the engine, 
as shown in (fig. 12-80). A gear bolted to the crank- 


gears, as well as the blower drive gear, throu^ 
idler gear mounted between the crankshaft 
balance shaft gears. 

Paragraph 12-37a (2), line 1 through 3, delete 
idler gear also drives the blower drive gear 
12-80) and is driven by the crankshaft gear.” 


Official: 


W.C. WESTMORELAND, 
General, United States Army, 
Chief pf Staff 


KENNETH G. WICKHAM, 

Major General, United States Arm y. 
The Adjutant General. 


Distribution: 

To be distributed in accordance with DA Form 12-25, (qty rqr block No. 396) Section 11, Direct and General Support Maintenance 
requirements for Earth Moving Equipment, Graders. 
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C fcw i f 
N«. 3 


HIADOUAtTERS 
DiRARTMENT OF THE ARMY 
Watkin 9 t«ii, 0. C., 36 Augual 1961 


DS, GS, and D«pat AkiinlononM Monual 

GKAOa, ROAD, MOTORIZED: DIESa ENGINE DRIVEN, 13,300 LB. 
PRESSURE AT BLADE; 12 FT BLADE; 6 WHEELS; 4 DRIVING, 

2 STEERABLE; LEANING FRONT WHEELS; W/SCARIFIER 
(UTOURNEAU-WESTINGHOUSE MODK 440HA) 

FSN 3305-931-7881 


TM 5-3305-237-3S, 31 July 1967, is changed as as follows; 


Page 2>4. Pirtgra|ili 2>10. In line 2, “Defective 

valve tappet Replace tappet (para 

12-33 )'* b changed to read “Defective cam follower 
Replace cam follower (para 12-34)“. 

Page 12-5. Paragraph 12-6 e(2). In line 4, “fine 
emery cloth“ b changed to read “crocus cloth'*. 

Page 12-15. Paragraph 12-11 e(l). In line 3, 
“figure 12-1“ b changed to read “figure 12-10“. 


Page 12-91. Paragraph 12-31 e(l). In line 
“(3, fig. 12-54)“ b changed to read “(3, fig. 12-64) 

Page 12-95. Paragraph 12-32 e (1). The foui 
sentence is superseded as follows: Maximum allo 
able transverse warpage b 0.004 inch and lonj 
tudinal warpage 0.009 inch. 

Page 12-102. Paragraph 12-33 d (6). In line 
“14 9/64 Inches" b chan|^ to read “1 49/64 inclia 


By Order of the Secrataiy of thi Anogr: 


W. C. WESTMORELAND 
General, United SCetee Army 

Official: CMef ef «ejf 

KENNETH G. WICKHAM 
Meior General. United Stater Army 
The Adintant General 


Distribution: 

To be distributed in accordanc e with DA Form 1S-S5. SeetioB U. (qty rqr blocii no. 305) Direct ai 
General Support maintenance requireinenta for Earth Moving Equipment. Graders. 
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CHANGE 
NO. 4 


HEADQUARTERS 
DEPARTMENT OF THE ARM' 
WASHINGTON, D. C., 5 May 19 


DS, GS, and Depot Maintenance Manual 
GRADER, ROAD, MOTORIZED, DIESEL 
ENGINE DRIVEN, 13,300 LB, PRESSURE 
AT BLADE, 12 FT., BLADE, 6 WHEELS, 

4 DRIVING, 2 STEERABLE, LEANING FRONT 
WHEELS, WITH SCARIFIER 
(LETOURNEAU-WESTINGHOUSE MODEL 440HA) 
FSN 3805-931-7881 


TM 5-3805-237-35, 31 July 1967, is changed as fol- 
lows; 

Page 1-1. Paragraph 1-1 is superseded as follow's: 

1-1. Scope 

a. This manual contains instructions for use of 
direct and general support and depot maintenance 
personnel maintaining the Letourneau-Westing- 
house Model 440HA Motor Grader as allocated by 
the Maintenance Allocation Chart. It provides in- 
formation on the maintenance of the equipment 
which is beyond the scope of the tools, equipment, 
personnel or supplies normally available to the 
using organizations. 

h. The numbers placed in parenthesis on illus- 


trations within this manual indicate quanti^ 

c. DA Form 2028 (Recommended Changes 
Publications) will be used for reporting di 
crepancies and recommendations for improvii 
this equipment publication. This form will be coi 
pleted by the individual using the manual and fc 
warded directly to Commanding General, U. 
Army Mobility Equipment Command, ATT] 
AMSME-MPD, 4300 Goodfellow Boulevard, S 
Louis, Mo., 63120. 

d. Report all equipment improvement recor 
mendations as prescribed by TM 38-750. 
Page 1-5, table 1-1, line 34. Add “0.0280” to co 
umn 4. Table 1-1, line 34. Add “0.0280” to colum 
5. 


Page 5-3. Figure 5-2 is superseded as follows: 



Fifjure 5-2. lustalUuy lift gearou lift gear ahaft. 



J 
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lows: 


1/T6” TO 1/32 



Figure lJ-74. Valve and valve seat angles and relation ship to 
cylinder head. 


Page A-1. Appendix A is superseded as follows: 


APPENDIX A 
REFERENCES 


1. Operating Instructions 

TM 5-3805-237-12 Operator and Organiza- 
tional Maintenance- 
Grader, Road, Motor- 
ized-Diesel Engine 
Driven: 13,300 Lb 
Pressure at Blade: 6 
Wheels, 4 Driving 2 
Steerable, Leaning 
Front Wheels, with 
Scarifier (LeTour- 
neau-Westinghouse 
Model 440HA) FSN 
3805-931-7881 


2. Fire Protection 

TB 5-4200-200-10 Hand Portable Fire Ex- 
tinguishers Approved 
for Army Users 

3. Painting 

TM 9-213 Painting Instructions 

for Field Use 

4. Radio Suppression 

TM 11-483 Radio Interference Sup- 

presion 


4 


TM 5-3805-237-35P 


TM 5-764 
TM 9-6140-200-15 
TM 38-750 


Direct and General Sup- 
port and Depot Main- 
tenance Repair Parts 
and Special Tools 
Electric Motor and Gen- 
erator Repair 
Storage Batteries, Lead 
Acid Type 
The Army Main- 
tenance Management 
Systems 


TB 740-93-2 Preservation of USAW 

Mechanical Equip- 
ment for Shipn: 
and Storage 


7. Destruction to Prevent 
Enemy Use 


TM 750-244-3 Procedures for Destru 

tion of Equipment t< 
Prevent Enemy 


By Order of the Secretary of the Army: 


Official: 

VERNE L. BOWERS, 

Major General, United States Army, 
The Adjutant General. 


W. C. WESTMORELANt 
General, United States Ai 
Chief of Staff . 


Distribution: 

To be distributed in accordance with DA Form 12-25, Section II, (qty rqr block #396) direct and general support maintei 
requirements for Earth Moving Equipment: Graders. 
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CHAPTER 1 
INTRODUCTION 


Section I. GENERAL 


1~1. Scope 

a. These instructions are published for use 
of direct and general support and depot main- 
tenance personnel maintaining the 
Letourneau-Westinghouse Model 440HA Mo- 
tor Grader. They provide information on the 
maintenance of the equipment which is beyond 
the scope of the tools, equipment, personnel, 
or supplies normally available to the using or- 
ganizations. 

b. DA Form 2028 (Recommended 
Changes to DA Publications) will be used for 
reporting discrepancies and recommendations 
for improving this equipment publication. 
This form will be completed by the individual 


using the manual and forwarded directly 
Commanding General, U. S. Army Mobili 
Equipment Ooanmand, ATTN : AMSM 
MPD, 4300 Goodfellow Blvd., St. Louis, IV 
63120. 

c. Report all equipment improvement rocoo 
mendations as prescribed by TM 38-750. 

]— 2. Record and Report Forms 

For record and report forms applicable 
direct and general support and depot mai 
tenance, refer to TM 38-750. 

Note. Applicable forms, excluding Standard Form 
(United States Government Motor Vehicle Operate 
Identification Card) which is carried by the operat 
shall be kept in a canvas bag mounted on the equ 
ment. 


Section II. DESCRIPTION AND TABULATED DATA 


1-3. Description 

A general description of the motor grader, 
the location and description of identification 
and instruction plates, and information on the 
differences in models are contained in the Op- 
erator and Organizational Maintenance Man- 
ual. Direct and general support and depot re- 
pair and maintenance instructions are de- 
scribed in appropriate sections of this manual. 

1-4. Tabulated Data 

a. General. This paragraph contains all 
overhaul data pertinent to direct and general 
support and depot maintenance personnel. A 
wiring diagram (fig. 1-1) is included. 

h. Nut and Bolt Torque Data. 

Note. The following listing shows major nuts and 
bolt torques for the motor grader and engine. The 
torques are all listed in ft-lb (foot-pounds). 


(1) Transmission and final drive 


Drive gear assembly mounting 
bolts. 

Lower transmission mounting 
bolts. 

Intermediate plate mounting 
bolts. 

Lower transmission upper shaft 
nut. 

Lower transmission lower shaft 
nut. 

Parking brake dmm mounting 
nuts. 

Pinion and bevel gear bearing 
cage screws. 

Lower shaft bearing cap 

Upper transmission upper shaft 
lock nut. 

Upper transmission lower shaft 
lock nut. 


275 ft-lb 
190 ft-lb 
190 ft-lb 
550-576 ft-lb 
550-575 ft-lb 

65 ft-lb 
275 ft-lb 

66 ft-lb 
550-575 ft-lb 

300-325 ft-lb 


1 
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(2) Tandem drives 


Brake anchor pin lock nut 400-440 ft-lb 

Wheel mounting nuts 600-650 ft-lb 

Cover nuts 25-30- ft-lb 

(3) Lift Housings 

Worm gear housing stud 100-110 ft-lb 

Worm gear housing mounting 135-145 ft-lb 

nuts. 

Thrust bearing lock nut 250-260 ft-lb 

(4) Lateral shift housing 

Housing screws 60-70 ft-lb 

Housing studs 25-35 ft-lb 

Thrust bearing lock nut 250-260 ft-lb 

Pinion thrust lock nut 130-140 ft-lb 

(5) Scarifier lift housing 

Reduction gear housing studs 100-1 lO ft-lb 

Reduction gear housing 135-145 ft-lb 

mounting nuts. 

(6) Scarifier block 

Lift ball nut 1,400-1,500 ft-lb 

(7) Lateral shift link 

Clamping bolts 65-75 ft-lb 

(8) Service brakes 

Brake pedal shaft bearing 
clamp screws 26-35 ft-lb 

(9) Hydraulic system 

Hydraulic pump cover screws 65-75 ft-lb 

Power steering housing cover: 

1/2-inch screws 50-55 ft-lb 

5/16-inch screws 11-14 ft-lb 

Moldboard control valve 45-55 ft-lb 

mounting nuts. 

(10) Front lean wheel housing 

Special bolts 230-260 ft-lb 

(11) Engine 

iccessory drive bolts to 45-50 ft-lb 

balance gears. 

dr inlet housing to blower 16-20 ft-lb 

bolt. 

alance weight cover screws 26-30 ft-lb 


alance weight to timing gear 
bolt. 

alance weight to hub bolt 

lower drive gear 

lower drive gear hub bolts 
and nuts. 

lower drive gear hub nut 


Blower drive coupling to gear 20-26 ft-lb 
hub bolt. 

Blower rotor gear hub bolt 25-30 ft-lb 

Cam and balance ends bearing 35-40 ft-lb 
bolt. 

Cam and balance shaft nuts 300-325 ft-lb 

Cam follower guide bolt 12-15 ft-lb 

Connecting rod nuts 65-75 ft-lb 

Control shaft bracket bolt 10-12 ft-lb 

Crankshaft end bolt 180-200 ft-lb 

Cylinder head nuts 165-175 ft-lb 


Engine lifter bracket to cylinder 55-60 ft-lb 
head bolts. 

Exhaust manifold outlet flange 20-25 ft-lb 
nuts. 


Exhaust muffler nuts 30-35 ft-lb 

Flywheel housing nuts 25-30 ft-lb 

Flywheel housing nuts (1/2-13) _ 90-100 ft-lb 

Flywheel bolts 150-160 ft-lb 

Front cover bolt 80-90 ft-lb 

Front cover (crankshaft) 25-30 ft-lb 

Hand hole cover screws 10-15 ft-lb 

Idler gear and dummy hub 80-90 ft-lb 

screws. 

Injector clamp nut 20-25 ft-lb 

Main bearing nuts (5/8-11) 180-190 ft-lb 

Main bearing nuts (5/8-18) 155-185 ft-lb 

Rocker shaft bolt 90-100 ft-lb 

Water manifold nuts 25-30 ft-lb 

Standard bolt and nut torques: 

1/4-20 7-9 ft-lb 

1/4-28 8-10 ft-lb 

5/16-18 13-17 ft-lb 

5/16-24 15-19 ft-lb 

3/8-16 30-35 ft-lb 

3/8-24 35-39 ft-lb 

7/16-14 46-50 ft-lb 

7/16-20 57-61 ft-lb 

1/2-13 71-65 ft-lb 

1/2-20 83-93 ft-lb 

9/16-12 90-100 ft-lb 

9/16-18 107-117 ft-lb 

5/8-11 137-147 ft-lb 

5/8-18 168-178 ft-lb 

3/4-10 240-250 ft-lb 

3/4-16 290-300 ft-lb 

7/8-9 410-420 ft-lb 

7/8-14 475-486 ft-lb 

1-8 580-590 ft-lb 

1-14 585-595 ft-lb 


Engine stud torques: 


25-30 ft-lb 

Injector clamp stud 

-10-25 ft-lb 


Water manifold stud _ 

-10-25 ft-lb 

25-30 ft-lb 

Exhaust muffler stud 

-15-30 ft-lb 

55-65 ft-lb 

Cylinder head stud (4.3125 

35-75 ft-lb 

25-30 ft-lb 

to 4.4375 high) . 



Main bearing stud (3.9687 

35-75 ft-lb 

50-60 ft-lb 

to 4.0312 high). 
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ble 1-1 lists manufacturer’s sizes, tolerances, shows the schematic wiring diagram for 1 

desired clearances, and maximum wear and motor grader. 

clearances. 


Table 1-1. Repair and Replacement Standards 



ENGINE : 

Cylinder block 
Bore diameter 
Out-of-round 


Counterbore 

Diameter 


Clinder liners 

Outside diameter 

Inside diameter 

Flange diameter 

Clearance w/bore 

Out^f-round, id 

Taper, id 

Depth of flange below block 

Crankshaft 

Diameter of journals (main bearing) 
Diameter of journals (connecting rod) . 

Journal out-of-round 

Journal taper 

Runout-total indicator reading (mounted 
and :^6 journals). 

At :^2 and :^4 journals 

M ^3 journal 

Thrust washer 

Thickness 

End play 

Main bearings 

Inside diameter 

Bearing to journal clearance 

Bearing thickness 90° from parting line 
Pistons 
Diameter 


At ring lands 

At skirt 

Clearance 

Top of skirt 

Bottom of skirt 

Out-of-round 

Taper 

Ring groove width 

Upper compression ring 

2nd compression ring i 

3rd and 4th compression, rings 
Oil ring 


Manufacturer’s 


dimensions and 


tolerances in 

Desdired 

inches 

clearance 









4.6275 

0.0010 

0.0010 


0.0010 

0.0010 

0.0500 

3.5000 

2.7500 

0.00025 

0.0005 


0.0020 

0.0040 

0.1220 

0.0110 


4.2220 

4.2380 

4.2455 

0.0072 

0.0072 

0.0005 

0.0005 

0.1360 

0.1340 

0.1320 

0.1895 





















Manufacturer’s 


Maximum 


dimensions and 


allowable 


tolerances In 

Desired 

wear and 

Componanit 

inches 

clearance 

clearance 


Minimum 1 Maximum 

Minimum 1 Maximum 



NGINE: (cont’d) 

Piston ring bushing 

Outside diameter 

Inside diameter 

Piston pins 

Diameter 

Pin-to-piston bushing clearance 

Pin-to-rod bushing clearance 

Pin-to-retainer end clearance 

Piston rings 
Compression rings gap 

Chrome rings 

Standard rings 

Eing-to-groove clearance 

Top (No. 1) 

No. 2 

No. 3 and No. 4 

Oil rings gap 

Ring-to-groove clearance 

Connecting rods 

Length-center to center 

Lower bore diameter 

Upper bore diameter 

Upper bushing diameter 

Normal rod end thrust 

Connecting rod bearings 

Inside diameter 

Clearance 

Thickness — 90° from parting line 

Blower drive gear 

Backlash 

Gear-to-hub fit 

Blower drive gear support 

Bushing inside diameter 

Bushing-to-hub clearance 

Support fit in end plate 

Blower drive gear hub 

Outside diameter 

Hub-to-bushing clearance 

Hub-to-cam clearance 

End thrust 

dler gear 

Backlash 

Inside diameter 

Gear fit to shaft 

lamshaft 

Diameter at bearings 

Front and rear 

Center and intermediate 

Runout at center bearing (when mounted 
on end bearings). 

End thrust 

Thrust washer thickness 


1.5025 





1.7540 

1.7555 




1,4996 

1.6000 






0 0025 

^nllSllKCH 




0 0015 





0.0160 

■ 


0.026 


0.0500 

0.025 




0.0450 





n fiioon 










0.0130 

0.0100 

0.0200 



0.0400 



0.0015 

0.0055 

0.0080 

10.1240 

10.1260 




3.0620' 

3.0630 




1.7490 

1.7610 




1.5015 

1.5020 




0.0060 

0.0120 




2.7520 

2.7540 






0.0014 

0.0044 

0 006 

0.1645 

0.1550 

0.1530 

0.0030 

0.0080 


mu 

0.0080 

0.00'50T 

O.OOIOL 



1.6260 

1.6250 




0.0010 

0.0026 




0.0005T 

0.0025L 




1.6240 

1.6260 




0.0010- 

0.0025 




0.0020 

0.0070 




0.0050 

0.0080 






0.0030 

0.0080 

0.0080 

1.1860 

1.1870 




O.OOOOL 

0.0015T 




1.4975 

1.4970 




1.4985 

1.4980 





WBM 




0.0040 





0.1200 




0.0180 











Manufacturer’s 
dimensions and 
tolerances in 
inches 


ENGINE: (cont’d) 

Camshaft (cont’d) 

Camshaft and balancer shaft bearings 
Inside diameter 

Front and rear 

Center and intermediate 

Clearance-bearings to shaft 

Front and rear 

Center and intermediate 

Outside diameter 

Front and rear 

Intermediate 

Diameter of block bore 

Clearance-bearings to block 

Front and rear 

Intermediate 

Balancer shaft 

Outside diameter 

Clearance-shaft to bearings 

End thrust 

Thrust washer thickness 

Cylinder head 

Cam fo'llower bore 

Exhaust valve seat insert 
counterbore 

Diameter -4 

Depth 

Valve seat inserts 

Exhaust valve seat angle 

Exhaust valve seat width 

Valve seat runout 

Diameter of seat counterbore in head 

Depth of seat counterbore in head 

Valve head to cylinder head 


O.OOIOT 

0.0015L 


Exhaust valves 

Diameter of head 

Stem diameter 

Valve clearance (hot) 

Valve guides 

Height above cylinder head 

Inside diameter 

Clearance-stem to guide 

Rocker arms and shafts 

Shaft diameter 

Bushing inside diameter 

Clearance-shaft to. bushing 

Rocker arm outer bushing inside diameter _ 
Rocker arm inner bushing outside diameter 

Clearance-outer to inner bushing 

Rocker arm inner bushing inside diameter _ 

Push rod clevis pin outside diameter 

Clearance-pin to bushing 


1.50-10 

1.5030 


2.1885 

2.1860 

2.1885 

0.0006L 

0.0045T 


0.0110 

0.1220 


1.6270 

0.3800 

30° 

0.0375 

0.0020 

1.6270 

0.3800 

0.0170 

above 

1.5590 

0.3425 


1.5937 

0.3445 


0.8740 

0.8760 

0.5650 

0.5625 

0.0030 

0.4385 

0.4385 


Dewred 

clearance 





0.0080 

0.0180 


0.0400 

below 


0.0050 


O.OOIOT 


0.0005L 










Manufacturer’s 
dimensions and 
tolerances in 
inches 


Minimum Maximum 


ENGINE: (cont’d) 

Rocker arms, and shafts (cont’d) 

Push rod clevis pin inside diameter 

Clearance-pin to clevis 

End play-clevis to rocker arm 

Cam followers 

Diameter 

Bore diameter in head 

Clearance-follower to head 

Width of roller slot 

Roller pin hole diameter 

Cam follower rollers and pins 

Roller outside diameter 

Roller bushing inside diameter 

Roller pin outside diameter 

Clearance-pin to bushing 

Bushing to roller fit 

End play-follower in roller 

IRANSMISSION: 

Coupling flange, outside diameter I 

Split bushing, universal joint, inside diameter 

Spacer, casting, Inside diameter 

Collar, oil seal drive shaft 

Outside diameter 

Inside diameter 

Collar, oil seal, drive shaft 

Outside diameter 

Inside diameter 

Spacer, bearing output shaft, lower transmission 

Outside diameter 

Inside diameter 

Collar, shifter, lower transmission, backlash 

Gear, shifter, lower transmission 

Inside diameter 

Backlash 

Spacer, lower transmission 

Thickness 

Gear, shifter, lower transmission 

Backlash 

Gear, shifter, lower transmission 

Inside diameter 

Backlash 

•Gear, drive lower transmission 

Backlash 

Spacer, drive gear lower transmission 

Thickness 

Gear, driven, lower transmission 

Backlash 

Gear, drive, lower transmission 

Backlash 

Spacer, shifter gears, lower transmission 

Thickness 

Ring, setting, final drive 

Thickness 











TRANSMISSION: (cont'd) 

Gear bevel, final drive 

Backlash 

Ball, shifter lever 

Spherical dia. 

Gear, lower shaft, lower transmission 

Backlash 

Gear, upper shaft driven, high, upper 
transmission 

Backlash 

Gear, lower shaft driven, high, upper 
transmission 

Backlash 

Gear, upper shaft driven, low, upper 
transmission 

Backlash 

Gear, lower shaft driven, low, upper 
transmission 

Backlash 

Gear, lower shaft driven, reverse, upper 
transmission 

Backlash 

Gear, idler, reverse, upper transmission 

Spacer upper shaft driver gear 

Thickness 

Washer, gear 

Thickness 

Gear, shifter, upper transmission 

Backlash 

Spacer, reverse idl^r gear, upper transmission 

Thickness 

Shaft, idler gear 

Outside diameter 

Washer, reverse gears 

Thickness 

Spacer, shifter gear and bearing 

Thickness 

Gear, driver, upper shaft, reverse, upper 
transmission 

Backlash 

Gear, driven, lower transmission 

Backlash 

Gear, driver, lower transmission 

Backlash 

Fork, shifter, upper front 

Fork, shifter, upper rear width of fork 

Gear, bevel 

Backlash 

Gear, Pinion Shaft 

Backlash 

Drum, parking brake 

Inside diameter 


Manuiactvrer'a 
dimensions and 
tolerances in 
inches 


Minimum Maximum 


0.0030 0.0090 


2.7900 2.6200 


0.C050 0.0090 



0.0159 


0.0159 


0.0030 


0.2635 


0.01468 


0.0184 


Desired 

clearance 


Minimum Maximum 
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Table I~L Repair and Replacement Standards — Continued 



Manufacturer’s 1 



dimensions 

and 



tolei’ances 

in 

Desired 

Component 

inches 


clearance 


Minimum 

Maximum 

Minimum 

Maximum 

FINAL DRIVE; 





Bushing, axle outer carrier 





TnKi'Hp dinmpt.p-r 

6.862 

6.872 



Bushing, axle inner carrier 




5.411 

5.420 



FRONT AXLE: 



Bushing, lower spindle fork 





Inside dianTetei* 

1.8750 

1.8770 



Rushing', upper spindlp fork 

1.3745 

1.3765 





Spacer, wheel bearing 





Inside diameter . .. 

2.5020 

2.5080 



Bearing, lower spindle fork 



Inside diameter 

2.3120 

3.2140 



Bushing, spindle 



Inside diameter 

1.9985 

2.0005 



Bushing, drag link 



Inside diameter . 

0.9950 

0.9970 



Block, swivel drag link 



Inside diame.ter . . . 

1.1920 

1.1940 



Bushing, bronze, front lean wheel housing 



Inside diameter . . 

2.3770 

2.3825 



Bushing, bronze, front lean wheel housing 



cover 





Inside diameter 

1.8770 

1.8815 



Bearing, worm, thrust, lean wheel housing 



Inside diameter 

1.1875 

1.1895 



Bearing, thrust, worm shaft, front lean 




wheel housing 

Thickness 

0.5000 

0.5010 



Bushing, bolster pin, front axle 




Inside diameter 

2.0050 

2.0090 



Pin, vibrating bar to spindle 




Outside diameter 

1.2480 

1.2500 



Pin, vibrating bar to axle 




Outside diameter 

1.7460 

1.7500 



Tie rod end ball 




Spherical diameter 

2.8790 

2.8830 



Pinion, front lean wheel housing, ■with rack 




Backlash 

0.C020 

0.0020 



Ball, steering socket 




Spherical diameter i 

3.6905 

3.6945 



WHEELS AND BRAKES: 



Drum, brake 





Inside diameter 

17.250 

17.260 



DRAWBAR AND CIRCLE: 



Cap, socket, lateral shift link 





Sperical radiut: 

1.4395 

1.4415 



Shaft, reverse and gear 



Outside diameter _ 

2.4980 

2.5000 



Bushing, bronze, gear shaft 



Inside diameter _ _ _ 

2.5020 

2.5075 




1-8 









Manuf aotur er ’ b 
dimensiotiB and 
tolerances in 
Inches 


DRAWBAR AND CIRCLE : (cont’d) 

Bushing, bronze, worm shaft 

Inside diameter 

Bushing, worm 

Inside diameter 

Bushing, worm thrust 

Inside diameter 

Shaft, worm gear, splined 

Outside diameter 

Bushing, bronze transfer housing gear shaft 

Gear, w/shaft transfer 

Outside diameter 

Backlash 

Clearance, gear thrust fact to bushing 

Gear, w/shaft, transfer drive 

Outside diameter 

Backlash 

Clearance, gear thrust face to bushing 

Cap, socket, lift link 

Spherical radius 1.4405 

SCARIFIER: 

Bushing, bronze, pinion shaft, housing 

Inside diameter 1.0010 

Bushing, bronze, pinion shaft, housing cover 

Inside diameter 1.0010 

Shaft, w/pinion, reduction gear housing 

Outside diameter 0.998 

Backlash 0.0030 

Gear, spur, reduction housing 

Backlash 0.0030 

Bushing, bronze, worm shaft 

Inside diameter 1.6020 

Bearing, worm thrust 

Outside diameter 3.4816 

Groove diameter 3.1150 

Inside diameter 1.6855 

Shaft, worm gear 1.6000 

Bushing, bronze, scarifier shaft 

Inside diameter 3.4990 

Shaft, scarifier lift housing 

Outside diameter 3.4950 

Arm, lift, ball 

Spherical diameter 2.8690 

Cap, lift link, upper 

Spherical radius 1.4406 

Cap, lift link, lower 

Spherical radius 1.1592 

POWER CONTROL BOX: 

Cap, lever 

Spherical diameter 1.7510 

Clearance-lever cap and seal cap 0.0060 

Ball, lever 

Spherical diameter 1.7480 


1.70<)'5 


1.5020 

1.5056 


1.4980 

0.0150 

0.0600 


1.4980 

0.0150 

0.0600 


1.0000 

0.0100 


0.0100 


3.4835 

3.1260 

1.6915 

1.5020 


1.7550 

0.0620 


Desired 

olesrance 



O.OlQfi. 
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Table 1-1. Repair and Replacement Standards — Continued 



Manufacturer’s 


Maximum 


dimensionB and 


allowable 


tolerances in 

Desired 

wear and 

Component 

inches 


clearance 

clearance 


Minimum 

Mar; mum 

Minimum 1 

Maximum 


POWER CONTROL BOX: (cont’d) 






Seat, lever ball 






Rpbprif'nl rnrlins 

0.8755 

0.8775 



0.0100 

Ball, fulcrum 



SphcnVal Hiamptp.r 

1.7450 

1.7500 



0.0100 

Lever, power box 




Spherical fUameter _ .. _ 

0.6130 

0.6230 




Race, outer, outlet bevel gear shaft bearings 




Tnsifle Hinmeter 

1.6240 

1.6250 



0.0080 

Washer, thrust, bevel gear shaft 



Thickness 

0.1230 

0.1260 



0.0050 

Washers thrust, clutch shaft 



Thickness 

0.1230 

0.1250 



0.0050 

Ring, spacer, bevel gear shaft 



Thickness 

0.2490 

0.2510 



0.0050 

Seat ball 

Gear, power box clutch 






Backlash . . _ 

0.0100 

0.0150 



0.0200 

Clutch, power box 



Backlash . .. 

0.3070 

0.3160 



0.0200 

Rail, shifter 



Outside diameter 

0.7470 

Mi 



0.0080 

Fork, shifter power box 



Free play 





0.0150 

Gear, spiral bevel, vertical drive 



Backlash 





0.0200 

Gear, spiral pinion, vertical drive 



Backlash 





0.0200 

Shaft, outlet 



Outside diameter 


0.9900 



0.0150 

Gear, bevel, drive, power box front 



Backlash . . ..... 





0.0200 

Gear, bevel drive power box rear 



Backlash 





0.0200 

Drum brake 



Outside diameter 

3.1060 

3.1090 



0.0150 

.IFT GEAR HOUSING: 



Bearing, worm shaft. 






Inside diameter _ _ _ 


1.5035 



0.0080 

Cap, bearing, wonii shaft 



Inside diameter _ _ _ _ _ 

1.8270 

1.8290 



0.0080 

Shaft, worm 



Outside diameter .. 


1.5020 



0.0080 

Gear, spiral 



Pitch diameter ... . 

5.2810 

5.2860 



0.0100 

Bushing, bronze lift shaft 



Inside diameter 


3.0010 



0.0100 

Shaft, lift 



Outside diameter ._ ... 

2.4980 

2.5000 



0.0100 

Bushing, bronze, housing cover 



Inside diameter _ 


2.5075 



0.0160 

Bushing, reduction housing 



Inside diameter 


1.5050 



0.0100 












Component 


LIFT GEAR HOUSING: (cont’d) 

Bearing, thrust reduction housing worm shaft 

Inside diameter 

Bushing, thrust bearing 

Inside diameter 

Bearing, thrust, lift housing worm shaft 

Inside diameter 

Bushing, thrust bearing 

Inside diameter 

Arm, lifting 

Spherical diameter ^ 

LATERAL SHIFT HOUSING: 

Bushing, bronze, shift housing 

Inside diameter 

Shaft, lateral shift 

Outside diameter 

Gear, lateral shift 

Pitch diameter 

Bushing, bronze, reduction housing thrust 
bearing 

Inside diameter 

Bearing, thrust reduction housing 

Bushing, bronze, lateral shift housing thrust 
bearing 

Inside diameter 

Bearing, thrust, lateral shift housing 

Inside diameter 

Bearing, thrust worm lateral shift housing 

Inside diameter 

Cap bearing reduction housing 

Inside diameter 

Bushing, bronze, lateral shift housing cover 

Inside diameter 

Arm, lateral shift 

Spherical diameter 

FRAME GROUP: 

Pin, bolster 

Outside diameter 

Cap, bearing, drawbar 

Spherical radius 

Ball drawbar 

Spherical diameter 

Cap, axle 

Inside diameter 

CLUTCH: 

Spring length 

Spring test — 

Spring-pounds pressure . 

Pedal free travel 

Drum, brake 

Outside diameter 

Bushing, clutch operating shaft 

Inside diameter - 



Mclnufacturer’s 
diinenstons and 

tolerances in Desired 

inches clearance 


Minimum Maximum Minimum Maximum 


1.1240 1.1260 0.0100 

1.0010 1.0055 0.0100 

1.6895 1.6916 0.0100 

1.5040 1.5085 0.0100 

2.8710 2.8770 0.0150 

3.4490 3.5045 0.0160 

2.4980 2.5020 0.0100 

12.0000 12.0000 

1.0010 1.0055 0.0100 

1.1240 1.1260 0.0100 

1.5040 1.5086 0.0100 

1.6895 1.6915 0.0100 

1.5035 1.5050 0.0100 

1.8270 1.8290 ... 0.0080 

2.6020 2.5076 0.010 

2.8710 2.8770 0.0160 

1.9960 2.0000 0.0080 

2.2535 2.2662 0.0250 

4.4960 4.6000 0.0260 

1.4395 1.4415 0.0080 


3.3125 

2.1250 

130 140 

2.0000 2.0000 

6.120 6.130 0.040 

1.3795 1.376 ~ 0.0100 


1 - 
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Table 1-1. Repair and Replacement Standards — Continued 


Component 

Manufacturer’s 
dimensions and 
tolerances in 
inches 

Desired 

clearance 

Maximum 
allowable 
wear and 
clearance 


Minimum 

Maximiun 

Minimum 

Maximum 

CLUTCH: (cond’s) 






Pressure plate, clutch 





Replace if 

Overall thickness 





worn or 

Disk, clutch 





grooved 

Overall t.hir'knpsR 

.469 

.479 



0.010 

HYDRAULIC PUMP: 






Gear, driven 






"Racklnsh 

0.0030 

0.0060 



0.0100 

Cover, wear plate 






Thickness 

0.116 

0.118 



0.113 

Gear housing bore 





Replace if 

Inside diameter 





worn or 






grooved 

Valve plunger to housing 





Replace if 

Clearance 





worn or 






grooved 

HYDRAULIC SYSTEiM: 






Rotary portion to valve body clearance 

2.3730 

2.3740 



0.018 

Piston rod 






Outside diameter 

1.997 

2.000 



.0005 

Bushing 






Inside diameter 

2.002 

2.005 



.0003 

POWER STEERING: 






Bushing, output shaft 






Inside diameter . 

2.0010 

2.0055 



0.0060 

Bearing, self-alineing, output shaft 



Inside diameter 

2.8710 

2.8740 



0.0160 

Cap, bearing 





Spherical radius 

1.4365 

1.4415 



0.0200 

Bearing, power steering housing 





Inside diameter 

2.2375 

2.2380 



0.0100 

Ril g, quad, housing 





Inside diameter 

2.3490 

2.3690 



0.0200 

STARTER: 





Brush length . .. 

0.7500 




0.3750 

Brush spring tension 

2.25 lb 

MBrnW 

■HUB 



Commutator end thrust washer 






Thickness _ 

0.0670 

0.0670 




Drive end spacer 






Thickness _ 

0.1800 

0.1960 




Armature end play 





0.0700 

Lever shaft 





Diameter _ ^ _ _ 

0.4980 

0.5000 




Bore _ 

0.5100 

0.5120 




Fit in shift lever 

O.OIOOL 

0.0140L 




Solenoid spring 






Free length 

2.7920 





Solid length _ 

0.6610 





Load at 1.56 inches length 

13.50 lb 

14.501b 




Commutator end plate sleeve bearing 






Inside diameter 

0.6860 

0.6880 




Outside diameter 

0.8800 

0.8820 




Fit in end plate 

0.0050T 

0.0080T 














Component 

Manufacturer’s 
dlmenBionfl and 
tolerances in 
inches 



Desired 

clearance 


Minimum 

Maximum 

Minimum 

Maximum 

STARTER: (cont’d) 

Lever housing sleeve bearing 

Inside dia.niet.er 

0.8335 

0.8356 



Outside diameter 

0.9630 

0.9650 



Fit in housing 

0.00'95L 

0.0130L 



Drive housing sleeve bearing 

Inside diameter 

0.6240 

0.6260 



Outside diameter .. . 

0.7550 

0.7570 



Fit in housing ..... . . _ 

0.0050T 

0.0080T 



Armature shaft 

Diameter at eommutator end 

0.6835 

0.6845 



Diameter at drive end 

0.8225 

0.8240 



Fit of shaft in commutator end plate bearing- 
Fit of shaft in drive housing bearing 

0.0015L 

O.OOIOL 

0.0045L 

0.0040L 



Fit of shaft in lever housing hearing 

0.0095L 

0.0130L 



Commutator end plate bore . 

0.8740 

0.8750 



Lever housing bore 

0.9670 

0.9580 



Drive housing bore . . 

0.7490 

0.7570 



Commutator 

Diameter . . _ 

2.3080 

2.3180 



Turned diameter _ 

2.1930 



Eccentricity (total indicator reading) - 









RIGHT HORN 

FLOODLIGHT BUTTON 


TM 5-3805-237-J5 
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Figure 1—1. Wiring diagram. 




CHAPTER 2 


GENERAL MAINTENANCE INSTRUCTIONS 


Section I. SPECIAL TOOLS AND EQUIPMENT 


2—1 . Special Tools and Equipment 

The special tools and equipment supplied 
by the manufacturer to perform direct and 
general support and depot maintenance on 
the motor grader are listed in Table 2-1. Ref- 


erences and illustrations indicating the use 
these tools are listed in the table. No spec 
equipment is required by direct and gene 
support and depot maintenance person 
for performing maintenance on the mo 
grader. 


Table £-1. Special Tools 



FSN or 

Beference 


Item 

Part No. 

Figrure 

Paragraph 

Use 

Lifter, injector 

(36311) 

724695 

2-1 

12-17 

Lifting injectors from head 



2-2. Specially Designed Tools and 
Equipment 

The specially designed tools and equipm 
illustrated in figure 2-2 and listed in Ta 
2-2 are for direct and general support and 
pot maintenance performing major overh 
work on the motor grader. Tools and eqi 
ment listed in Table 2-2 are not available 
issue, but must be fabricated by qualified 
rect and general support and depot mair 
nance personnel. 


MEC 3805-237-35/2-1 


Figure 2,-1. Injector lifting tool. 

Table £-2. Specially Designed Tools and Equipment 


Item 

1 Beference 1 



Figure 

Paragraph 

Use 

Retaining ring tool 

2-2 

3-13 

3-16 

Install bearing retaining rings on transmission shaft. 











TM 5-3805-137-35 



NOTE; 2. 171 AND 2.213 DIAMETERS 

MUST BE CONCENTRIC WITHIN 
0.001 TOTAL INDICATOR 
READING. 

MEC 3805-237-35/2-2 


Figure 2~2. Transmission bearing retaining ring tool. 

Section II. TROUBLESHOOTING 

2-3. General 

This section provides information useful in 
diagnosing and correcting unsatisfactory oper- 
ation or failure of the motor grader or any of 
its components. Each trouble symptom stated 
is followed by a list of probable causes. The 
possible remedy recommended is described op- 
posite the probable cause. 

2-4. Engine Fails to Start 

Probable cause Poaaible remedy 

Low starting rpm Defective starter. Replace 

starter (TM 5-3805- • 

237-12). 


Probable cause Possible remedy 

Improper oil viscosity. 
Change oil to proper 
grade. 

Internal seizure. Check 
engine and repEiir. 

2-5. Engine Misses or Operates 
Erratically 

Probable cauae Poaaible remedy 

Engine timing not 

adjusted properly Adjust timing, (para 

12-37). 

Blower not supplying 

sufficient air Check blower and repair 

(para 12-6). 


MATERIAL 

STEEL ROD 

2-3/4 IN. DIAMETER 


1-2 



I'robBbie caua» 


I'oflslDJe remeoy 


FrobabM cause 


Possible remedy 


Fuel system not operating 

properly Check fuel system and 

repair (para 12-18). 

Injectors defective Repair or replace injectors 

(para 12-17). 

Low compression Check for faulty valves 

and repair or replace 
valves (para 12-33). 

Worn or broken piston Repair or replace piston 
rings rings (para 12-43). 

2-6. Engine Lacks Power 

Probable cause Possible remedy 

Improper adjustment and 

timing Adjust and time engine 

(para 12-37). 

Insufficient fuel Check fuel system and 

repair (para 12-18). 

Lack of sufficient sdr Check and repair blower 

(para 12-6). 

Improper detonation Check for oil in air stream 

(para 12-6), faulty 
injectors (para 12-17), 
and low coolant tempera- 
ture (para 12-9). Re- 
pair as necessary. 

Valve guide worn Replace valve guide (para 

12-33). 

Valve springs weak or __ Replace valve springs 
broken (para 12-33). 

Low cylinder compression _ Check pistons and rings 

and repair (para 12-43). 

2-7. Engine Overspeeds 

Probable cause Poeslble remedy 

Governor not adjusted 

properly Adjust governor (para 

12-51). 

Fuel system not operating 

properly Check and repair fuel 

systems (para 12-13). 

Oil in air system Check air system and 

blower and repair (para 
li2-3). 

Fuel injectors not opera- 
ting properly Check injectors and repair 

(para 12-17). 

2-8. Engine Will not Idle Properly 

Probable cause Foesible remedy 

Defective fuel injectors Repair or replace injectors 

(para 12-17). 

Injectors not properly 

timed Time injectors (para 12- 

17). 


Governor not adjusted 

properly Adjust governor (para 12 

W). 

2-9. Engine Exhaust Smokes Excessively 

Probable cause Possible remedy 

Engine running to cold 

for proper combustion Check thermostat and 

replace (Refer to TM 6- 
380&-237-12). 

Defective fuel injectors 

or gaskets Repair injectors or replac 

gaskets (para 12-17) . 

Contaminated fuel or 

water in fuel Service fuel filters (Refer 

to TM 5-3806-237-12). 

Low compression Check compression and 

repair engine as necssai 
to correct 

One or more cylinders not 

firing Check fuel and air system 

and repair engine as 
necessary to correct. 

Worn or stuck piston 

rings or worn cylinder 

sleeves Repair or replace pistons < 

rings (para 12-43). 

Worn valves or valve 

guides Repair or replace guides o 

valves (para 12-33). 

Reduced manifold 

pressure Check and replace manif ol 

gaskets if necessary 
(para 12-8). 

2—1 0. Engine Knocks or is Noisy 

Probable cause Possible remedy 

Loose piston pin or pins — Repair or replace piston 

pins (para 12-43). 

Worn cylinder liner or 

piston Replace worn liners (para 

12-46) or worn pistons 
(para 12-43), 

Worn main bearings Replace bearings as neces- 

sary (para 12-40). 

Connecting rod bearings 

worn Repair or replace worn 

connecting rod bearings 
(para 12-40). 

Broken piston ring Replace broken ring (para 

12-40). 

Excessive valve clearance - Adjust valve clearance 

(para 12-48). 

Defective or worn valve 

rocker aim assembly — Replace rocker arm assem- 
bly (para 12-31). 
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Probable cause Poesible remedy 

3ent valve push rod Keplace push rod (para 

12-34). 

Defective valve tappet Eeplace tappet (para 

12-33). 

Nom crankshaft and 

camshaft gears Eeplace worn gears (para 

12-40). 

Defective starter, genera- 
tor, or water pump Eeplace defective parts 

(Eefer to TM 6-3805- 
237-12). 

Defective blower or 

blower parts Eepair or replace blower 

(para 12-6). 

2-1 1 . Excessive Oil Consumption 

Probable cause Possible remedy 

Leakage in oil system Check oil filter and tubes 

for leaks and correct. 

Gaskets or oil seals leak __ Eeplace defective gaskets 

or oil seals (para 12-21). 

Oil cooler core leaking Check and repair oil cooler 

(para 12-23). 

Oil control piston rings 

broken Replace rings (para 12- 

43). 

Piston pin retainer loose Repair or replace piston 

pin retainer (para 12- 
43). 

Crankcase liners, pistons, 

or oil rings scored Repair or replace scored 

parts. 

2-12. Abnormal Engine Coolant 
Temperatures 

Probable cause Possible remedy 

Defective radiator Replace radiator (Refer to 

TM 5-3805-237-12). 

Poor coolant circulation — Check cooling system and 

correct (para 12-9). 

Defective thermostat Replace thermostat (Refer 

to TM 5-3806-237-12). 

Defective water pump Replace water pump (Refer 

to TM 5-3805-237-12). 

2—13. Low Oil Pressure 

Note. Make oil pressure checks with engine at opera- 
ting temperature. Coolant temperature gage should 

read 160“ to 185“F. 

Probable cause Possible remedy 

Incorrect oil viscosity Check lubrication order and 

fill with correct oil. 

Oil filter clogged Clean filter and change 


Probable cause Poesible remedy 

Oil cooler clogged or 

valves defective Repair or replace oil cooler 

(para 12-23). 

Defective oil pressure 

gage or clogged lines — Clean lines or replace gage 

(Refer to TM 6-38()6- 
237-12). 

Defective oil pump Repair or replace oil pump 

(para 12-25). 

2-1 4. Grader Will Not go in Motion 

Probable cause Possible remedy 

Parking brake will not 

release Repair or replace parking 

brake (para 3-6). 

Clutch will not engage Check clutch pedal and 

clutch operation and 
repair or replace clutch 
(para 10-8). 

Transmission inoperative _ Repair or replace transmis- 
sion (para 3-16). 

2-1 5. Grader Goes In Motion but does not 
Operate Smoothly 

Probable cause Poasible remedy 

Clutch not engaging 

properly Clutch pedal and linkage 

not properly adjusted 
(Refer to TM 6-3806- 
237-12). 

Clutch worn or 

defective Repair or replace clutch 

(para 10-8). 

Defective drive shaft Repair or replace drive 

shaft (Refer to TM 6- 
3805-237-12). 

Defective transmission Repair or replace transmis- 

sion (para 3-16). 

Defective final drive Repair or replace final 

drive (para 4-12) . 

Defective tandem drive 

chain or drive Repair or replace tandem 

drive (para 4-6) . 

2-1 6. Grader does not Steer Properly 

Probable cause Possible remedy 

Defective steering gear — Repair or replace steering 

gear (para 7-19). 

Defective hydraulic pump _ Repair or replace hydraulic 

pump, (para 7-^12) . 

Defective steering arm or 

tie rods Replace steering arm or 
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Improper toe-in, caster 

or camber adjustment — Adjust caster, camber, and 

toe-in (Refer to TM 5- 
3S0'5-237-12). 

Defective front lean wheel 

gear Repair or replace front 

lean wheel gear (para 
6-36). 

2-1 7. Wheel Brakes do not Operate 
Properly 

Probable cause Possible remedy 

Brakes not properly 

adjusted Adjust brakes (Refer to 

TM 5-3805-237-^12). 

Brake master cylinder 

defective Repair or replace master 

cylinder (para 8-8). 

Wheel brakes defective Repair or replace wheel 

brakes (para 8-6). 

2-1 8. Parking Brake does not Hold 
Grader 

Probable cause Possible remedy 

Brake lever bent or 

jammed Repair or replace brake 

lever (para 3-6). 

Brake lining worn Replace brake lining (para 

3 -^). 

Brake drum or shoes 

damaged Repair or replace parking 

brake drum or sdioes 
(para 3-6). 


Probable cause Possible remedy 

Defective clutch Repair or replace pow 

control box (para 6- 

Defective lift gear assem- 
bly Repair or replace lift 

assembly (para 6-7) 

2—22. Moldboard does not Circle Proper! 

Probable cause Poesible remedy 

Circle binding Check cause and repai 

replace circle (para 

Defective circle drive 

pinion Repair or replace drivi 

pinion (para 6-21). 

Defective circle reverse 

gear assembly Repair or replace circl 

reverse gear assemb 
(para 6-21). 

Defective circle reverse 

transfer gear Repair or replace trar 

gear (para 6-21). 

2—23. Moldboard does not Shift Properly 

Probable cause Poesible remedy 

Defective power control 

box Repair or replace pow« 

control box (para 6- 

Defective lateral shift 

gear assembly Repair or replace later 

shift gear assembly 
(para 6-28). 

2—24. Moldboard does not Slide Properly 


2—1 9. Anti-Coast Brakes do not Function 
Properly 

Probable cause Poesible remedy 


Poesible remedy 


Brake lining worn Replace brake linings (para 

6-S). 

Brake damaged or 

defective Repair 'or replace anti- 

ooast brake (para 6-3). 


2-20. Tandem Drive Inoperative 


Probable cause 


Poesible remedy 


Probable cause 

Defective hydraulic 

system Repair or replace hydr 

system as necessary 
(para 7-23). 

Defective moldboard 

cylinder Repair or replace mold 

board cylinder (para 
7-23). 

Moldboard slides damaged _ R^air or replace slide* 

(para 9-4). 

Defective rotary valve Repair or replace rotai 

valve (para 7-22). 


Worn or broken chains or 

sprockets Repair or replace chains 

and sprockets as neces- 
sary (para 4-6). 

Replace drive axle (para 
4-^10). 


2—25. Scarifier does not Lift or Lov^er 

Probable cause Possible remedy 

Defective power control 
box 


Broken drive axle 


Repair or replace powe 
control box (para 6- 
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Probable cause Possible remedy 

jfective scarifier lift 

gear assembly Repair or replace scarifier 

left gear assembly 
(para 6-14). 

-26. Clutch Brake does not Function 
Properly 

Probable cause Possible remedy 

lefective clutch brake Repair or replace clutch 

brake (para 10-6) . 

defective clutch assembly _ Repair or replace clutch 

assembly (para 10"-8) . 

lefective clutch and 

brake linkage Repair or replace linkage 

(para 10-5). 


2—27. Electrical System does not Function 
Properly 

Probable cause Poesiblo remedy 

Defective generator Repair or replace generator 

(para 11-4). 

Defective voltage regula- 
tor Repair or replace voltage 

regulator (para 11-6). 

Defective switches, 
circuit breakers, or 

other components Replace defective com- 

ponents as necessary. 

2—28. Hydraulic System does not Function 
Properly 

Probable cause Possible remedy 

Defective hydraulic pump _ Repair or replace hydraulic 

pump (para 7-12) . 

Defective drive from 

power control box Repair or replace power 

control box (para 6-3). 


Section III. REMOVAL AND INSTALLATION OF 
MAJOR COMPONENTS 


2-29. General 

a. Information in this section includes re- 
moval and installation of the entire drive unit, 
mgine, clutch, power control box, and the 
gear assemblies. 

b. The drive unit of the motor grader con- 
sists of the four rear wheels, tandem assem- 
blies, final drive, transmission, clutch and en- 
gine. By disconnecting portions of the motor 
grader, the entire unit can be separated from 
the remainder of the grader for ease of access 
and maintenance. 

c. After separation of the drive unit, the 
transmission can be removed. The clutch as- 
sembly can be removed from the engine. 

d. The power control box and gear assem- 
blies can be removed from the grader without 
interference from other components. 

e. The transmission, final drive, and tan- 
dems will be removed and repaired in separ- 
ate chapters. 

2-30. Drive Unit 

ft. Preparation. 

(1) Refer to TM 5-3805-287-12 to start 
engine and operate motor grader. 


(2) Rotate moldboard to center line -of 
frame and at an angle of 90° to 
frame. 

(3) Lower moldboard to ground. Con- 
tinue operating moldboard lift lev- 
ers to raise front wheels of grader 10 
to 12 inches above the ground. 

(4) Refer to TM 5-3805-237-12 and re- 
move the following componenits from 
the unit. 

(d) Muffler 

(h) Engine hood 

(c) Radiator 

(d) Shifter levers 

(5) Refer to figure 2-3 and disconnect 
components prior to removing drive 
unit from motor grader. 

(6) When rear axle caps are removed, 
front wheels of grader will lower to 
ground 

b. Removal. 

(1) Using four men, two at each front 
tandem wheel, roll drive unit to- 
wards rear of grader approximately 
one foot. 

Note. Move drive unit carefully to clear 
frame with shifter housing. 



remove AfR 

CLEANER. 


REMOVE RUBBER 
ELBOWS (2). 


FUEL TANK 
SHUTOFF VALVE 


REMOVE TUBE 


DISCONNECT 

SPRING. 


COUPLING 


DISCONNECT TURNBUCKLE 
FROM BELICRANK. 


STEP 6. 
STEP 7. 


DISCONNECT BRAKE LINKAGE SPRING. 
DISCONNECT PARKING BRAKE CABLE. 


STEP 8. 


DISCONNECT PROPELLER SHAFT 
COUPLING. 
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REMOVE COTTER 
PIN AND SLOTTED 
NUT. 


CLUTCH 

LINKAGE 


REMOVE NUT 
TO DISCONNECT 
BALL JOINT. 


VOLTAGE 

REGULATOR 


THROTTLE 

LINKAGE 


HOURMETER 

SWITCH 


ECT C 


STEP 11. D1 

SCO 

ECT C 


Dl 

SCO 


STEP 12. DISCONNECT THROTTLE LINKAGE FROM STEP 13. REMOVE TEMPERATURE GAGE SENDING 

BELLCRANK ON FLYWHEEL HOUSING. UNIT. 

STEP 14. DISCONNECT WIRES FROM HOURMETER 
SWITCH. 

STEP 15. DISCONNECT SHIELDED CABLE FROM 
VOLTAGE REGULATOR. 

NOTE; DO NOT PULL ON CABLE OR 
TWIST BRAIDED SHIELDING. 
GENTLY WORK CABLE FROM 
SIDE TO SIDE TO FREE RUBBER 

, SEAL. DO NOT USE SHARP 

METAL TOOLS TO INSTALL 
RUBBER SEALS. 
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Figure 2-S (2 ) — Continued 
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HYDRAULIC 

LINE 


TANDEM 

ASSEMBLY 


POWER 

CABLE 


DISCONNECT 
.. J_-I I J-- 
LINE. 


bKEKGENCY 

SHUTDOWN 

CABLE. 


STARTING 
AID TUBE. 


STARTER 


REMOVE NUT 
AND WASHER TO 
DISCONNECT 
CABLE. 


GROUND 

CABLE 


6. DISCO 
TEE. 
NOTE; 


STEP 18. DISCONNECT BATTERY CABLES. STEP 19. DISCONNECT INLET FUEL LINE. 

STEP 20. DISCONNECT FUEL RETURN LINE. 

STEP 21. DISCONNECT COLD WEATHER STARTING 
AID TUBE. REMOVE CLAMPS. 

STEP 22. DISCONNECT ENGINE EMERGENCY 
SHUTDOWN CABLE. REMOVE CLAMPS. 
STEP 23. DISCONNECT OIL PRESSURE GAGE 
TUBE AT SIDE OF FRAME. 
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Figure 2-3 (3 ) — Continued 


DISCONNECT FUEL 
.RETURN LINE 
























3) to be certain drive unit is free to 
be removed. 

(3) After checking, continue to roll drive 
unit from motor grader frame. 

Note. It may be necessary to raise jack 
under transmission and shift drive unit to 
clear lifting- eyes on rear of frame with 
rear axle and tandems. 
c. Installation. 

(1) Aline drive unit between two rear 
frame extensions. 

(2) Roll drive unit back into place be- 
tween frame extensions until unit is 
in place on motor grader. 

Note. When installing drive unit, raise 
and support clutch brake linkage to clear 
cross bar on frame. 

(3) Refer to figure 2-3 and complete in- 
stallation of drive unit. 

(4) When installing transmission sup- 
port bar, tighten bolts until a clear- 
ance of 1/16 inch exists between sup- 
port bar and transmission support 
and frame. 
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Note. If drive unit has been removed and 
new resilient mounts have been installed 
(fig. 2-4), clearance should be 1/8 inch at 
both points. 

(5) Install rear axle caps as shown in fig- 
ure 2-5. Tighten bolts evenly until 
metal-to-metal contact between cap 
and frame is made at front of axle. 
Gap between caps must be to rear of 
axle. 

2-31. Engine 

a. Removal. The engine can be removed af- 
ter removal of the drive unit as described in 
paragraph 2-30. Removal can also be ac- 
complished without removing the complete 
drive unit. Remove engine as described be- 
low. 

(1) Refer to figure 2-3 and disconnect 
all points shown except steps 6 and 

7. Disconnect propeller shaft, step 

8. Remove five capscrews and lock- 
washers from retainer at opposite 
end of shaft and pull retainer and 
shaft end from transmission. Com- 


Figure 2-4. Installing transmission support hour. 



REAR AXLE 
CAP 
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. Figure 2-5. Installing rea/r axle caps. 
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plete step 16, and steps 24 through 
26. 

Caution: Power take off shaft 
must be clear of clutch before at- 
tempting engine removal. 

(2) Using a suitable hoist connected to 
engine lifting brackets, raise engine 
to ease strain on engine mounts. 

(3) Refer to figure 2--6 and disconnect 
engine for removal. Lift engine with 
hoist to remove from motor grader. 

Note. When lifting engine from motor 
grader, raise radiator end of 'engine higher 
than clutch end to provide clearance at 
frame. 

h. Installation. 

(1) Using a suitable hoist connected to 
the engine lifting brackets, install 
the engine and clutch in the motor 
grader. 

(2) Guide the universal joint at rear of 
clutch to engage splines on trans- 
mission stub shaft. Splines marked 
before removal must be alined. 

Note. Incorrect alinement of splines will 
cause excessive vibration in drive train. 

(3) Refer to figure 2-6 and install en- 
gine on mounts. Insert mounting 
bolts in both front and rear mounts 
but do not tighten. 

(4) Tighten rear engine mounts to leave 
clearance between upper and lower 
bonded rubber washers and engine 
mount as shown in figure 2-7. 

(6) After tightening rear engine mounts, 
tighten front engine mount bolts to 
compress resilient mounts as shown 
in figure 2-8. 

(6) Refer to figure 2-3 and connect en- 
gine to motor grader. 

2—32. Clutch Assembly 

a. Removal. The clutch assembly is en- 
closed by the clutch housing and is removed 
from the grader with the engine. 

(1) Refer to paragraph 2-31 and remove 
the engine and clutch from the mo- 
tor grader. 

(2) Refer to figure 2-9 and remove the 
clutch housing and clutch brake 
from the engine. 


(3) Refer to figure 2-10 and remove 
clutch assembly. 

b. Installation. 

(1) Refer to figure 2-10 and install the 
clutch assembly. 

(2) Refer to figure 2-9 and install the 
clutch housing. 

(3) Refer to paragraph 2-31 and install 
the engine and clutch on the motor 
grader. 

2—33. Moldboard Lift Gear Assemblies 

a. General. Two moldboard lift gear as- 
semblies are incorporated on the motor grader. 
The lift assemblies are mounted on large steel 
mars on either side of the main frame. A 
lifting arm from each gear assembly is con- 
nected to a lift link for raising or lowering the 
moldboard circle. Removal of the assemblies 
is identical except for a few items which are 
indicated on the legend for figure 2-11. 

Note. Parentheses (E H only) and (L H only) 
following a part on legend denotes right or left hand 
lift gear assembly. 

b. Removal. 

(1) Remove the moldboard lift gear as- 
sembly in the numerical sequence as 
illustrated on figure 2-11. 

Note. After removing light brackets 
install screws and washers in housing. 

(2) To disengage control shaft universal 
joint (32) from gear assembly, loosen 
screw in universal joint and slide 
control shaft from gear assembly- 
shaft. 

(3) Before removing large U bolt (36) 
and two screws (35), attach a chain 
and suitable hoist to gear assembly. 
After removing attaching parts, lift 
gear assembly from frame. 

c. Installation. Install moldboard lift gear 
assembly in reverse of numerical sequence as 
illustrated on figure 2-11. 

2—34. Scarifier Lift Gear Assembly 

a. General. The scarifier lift gear assembly 
is mounted on two plates which are attached 
to the front end of the frame assembly. Two 
lift arms, attached to the gear assembly, raise 
and lower the scarifier assembly. 




REMOVE RES!L!ENT| 
MOUNTS (4). 


STUB SHAFT 
SPLINES 


FRONT 

ENGINE 

SUPPORT 


STEP 1. USE A PUNCH TO MARK SPLINE ON STUB STEP 2. DISCONNECT FRONT ENGINE MOUNTS 

SHAFT AND SPLINES IN UNIVERSAL JOINT ON BOTH SIDES 

HUB TO ALINE SHAFT DURING INSTAL- 
LATION. 



STEP 3. REMOVE TWO BOLTS AND LOCK NUTS 
FROM MOUNTS ON BOTH SIDES OF 
ENGINE. REMOVE FOUR BONDED 
WASHERS AND SHIMS. RECORD NUMBER 
OF SHIMS WITH EACH BONDED WASHER 
AND INSTALL SAME NUMBER AT 
INSTALLATION. 
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NOTE: PLACE SHIMS AS REQUIRED TO OBTAIN 
CLEARANCES. 
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Figure S-7. Rear engine mount clearance. 


b. Removal. Remove scarifier lift gear as- 
sembly in the numerical sequence as indi- 
cated on figure 2-12. 

(1) Remove bearing caps (7) from lift 
links on both sides of the machine. 

(2) Remove hydraulic line bracket (3) 
and move hoses and tubes away from 
the gear assembly. 

(3) Place a chain around gear assembly 
and connect chain to a suitable hoist. 
Raise gear assembly slightly before 
removing five screws (10). 

(4) Use hoist to remove gear assembly 
from motor grader. 


c. Installation. 

(1) Use a suitable hoist to raise lift gear 
assembly into position for installa- 
tion. 

(2) Install scarifier lift gear assembly in 
reverse of numerical sequence as il- 
lustrated on figure 2-12. 

(3) Install five bolts (10) through 
mounting plates and frame from the 
left hand side. 

2—35. Circle Reverse Mechanism 

a. General. The circle reverse mechanism, 
consisting of a transfer housing and circle re- 
verse gear assembly are mounted on the 
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NOTE; TIGHTEN MOUNTING SCREW ENOUGH UNTIL 
LOWER RESILIENT MOUNT CAN BE ROTATED 
BY HAND WITH EFFORT. WHEN THIS IS 
ACHIEVED, TIGHTEN SCREW ONE MORE 
REVOLUTION, INSTALL LOCK NUT. 
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Figure 2-8. Tightening front engine mounts. 

left side of the drawbar at the moldboard cir- 
cle. Control shaft rotation is received by the 
transfer housing and transmitted to the gear 
assembly through a coupling shaft. 

6. Removal. Refer to figure 2-13 and re- 
move the transfer housing and circle reverse 
gear assembly. 

Note. When removing circle reverse gear assembly, 
record amount of shims if any are present. 

c. Installation. 

(1) Refer to figure 2-13 and install the 
circle reverse gear assembly and 
transfer housing. 

(2) Install circle reverse gear assembly 
on drawbar with teeth on drive gear 
in mesh with ring gear in circle. At- 
tach splined coupling to shaft and 
rotate coupling with a pipe wrench 
counterclockwise until gear assembly 
is flush with drawbar. 


pads must be flush against drawbar. Insts 
any shims, removed during disassembl 
in their original position. 

(3) Install long bolts and nuts to ho! 
circle reverse gear assembly in plac 
Install short bolts and nuts. Tightc 
nuts securely. 

2-36. Lateral Shift Gear Assembly 

a. General. The lateral shift gear assen 
bly is mounted on a cross brace of the fran 
forward of the power control box. A sho: 
control shaft connects it to the power contr 
box. A shift arm, operated by the gear asser 
bly, is connected to the lateral shift link wi1 
a ball and socket. The shift link extends to 
horizontal link above the drawbar. By chanj 
ing the horizontal link from one side of tl 
drawbar to the other, the moldboard blac 
can be positioned for side sloping on eithi 
side of the grader. 

h. Removal. Refer to figure 2-14 and r 
move the lateral shift gear assembly from tl 
motor grader. 

c. Installation. Refer to figure 2-14 ar 
install the lateral shift gear assembly. 

2—37. Front Lean Wheel Gear Assembly 

a. General. The front wheel lean gear a; 
sembly is mounted between the bars of tl 
front axle inside of the right front wheel. 0] 
eration of the gear assembly provides leanir 
action for the front wheels. Motion for tl 
leaning action is provided through a gear rac 
and vibrating bar connected to the top of tt 
two wheel spindle forks. 

b. Removal. Refer to figure 2-15 and r 
move the front lean wheel gear assembly froi 
the motor grader. 

c. Installation. Refer to figure 2-15 ar 
install the front lean wheel gear assembly. 

(1) Tighten tapered nuts in Step 9 to 
torque of 240 foot pounds. 

(2) Install anchor bolt, lockwashers ar 
nut, but do not tighten until gear a 
sembly has been alined with ge£ 
rack. 

(3) Install vibrating bar and right har 
vibrating pin. 

(4) Install gear rack on vibrating ba 
with enough shims between rac 
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ATTACH SUITABLE 
HOIST TO CLUTCH 
HOUSING. 


REMOVE 

UNIVERSAL 

JOINT. 



REMOVE SCREWS (4) 
AND LOCK WASHERS (4) 


LIFT CLUTCH 
HOUSING 
FROM ENGINE. 


REMOVE SCREWS (]2) 

AND LOCK WASHERS (12). 
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Figure 2-9. Clutch housing, removal and installation. 


and vibrating bar to ra-iso left hand 
end of vibrating bar 1/2 to 3/4 
inch out of line with top hode in 
spindle fork as shown in figure 2- 

16. 

(5) Place chain around vibrating bar and 
axle as shown in step 3. Depress 
vibrating bar with crow bar or lever 
to aline holes. Install left hand vi- 
brating bar pin through holes and se- 
cure. 

(6) Install anchor bracket but do not 
tighten screws or nut. 

(7) Install vibrating link do not tighten 
nut on shoulder bolt. 

(8) Measure gap between anchor brack- 
et and vibrating bar. Remove link 
and anchor bracket and 'install suffi- 
cient number of shilns between an- 
chor bracket and Vibrating bar to fill 
gap. 

Note. Add or remove anchor bracket 
shims until shoulder bolt is free to move or 
rotate in holes in vibrating links. 


(9) Tighten anchor bracket screw 
nut. Install and tighten shou! 
bolt locknut. 

2-'38. Power Control Box and Vertical 
Drive Assembly 

a. General. The power control box 
vertical drive assembly are powered all 
time the engine is running. A drive, or po 
take-off shaft, directly coupled to the eni 
fly wheel, extends through the hollow ch 
and transmission drive shafts. A flar 
coupling between the transmission and V( 
cal drive assembly is secured with a si 
bolt. This bolt will break and halt opera 
if too great a load or shock is imposed on 
of the grader motions. The propeller s] 
drives a bevel gear keyed to a vertical d 
shaft. This vertical drive shaft enters the 
tom of the power control box and drives 
bevel drive gears. Each control shaft ext 
ing from the power control box is equii 
with two gears and a sliding clutch. As 
shifter lever is moved the clutch moves to 
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REMOVE CLUTCH 
ASSEMBLY 


REMOVE SCREWS (8) AND 
LOCK WASHERS (8). 


SETSCREW 


INSTALL HOLD DOWN 
SETSCREWS (4), 

WASHERS (4), AND 
JAM NUT (4) TO RELIEVE 
PRESSURE ON CLUTCH 
ASSEMBLY. 



SETSCREW 


COUPLING 

ASSEMBLY 


SETSCREW 


AFTER REMOVAL 
OF CLUTCH, REMOVE 
SCREW (6) AND LOCK 
WASHERS (6) AND 
REMOVE COUPLING 
ASSEMBLY. 


NOT^: REMOVE DRIVEN MEMBER AFTER REMOVING CLUTCH. 


NOTE: WHEN INSTALLING CLUTCH, INSTALL A PILOT SHAFT 
THROUGH SPLINES OF DRIVEN MEMBER TO HOLD IT 
IN PLACE, INSTALL CLUTCH ASSEMBLY AND TIGHTEN 
EIGHT SCREWS SECURELY. REMOVE PILOT SHAFT AND 
HOLD DOWN SETSCREWS BEFORE INSTALLING CLUTCH 
BRAKE HOUSING. 
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Figure 2-1 0, Clutch assembly, removal and installation. 


gage a clutcli gear driven by the drive gear, 
rotating the control shaft. Mounted on the 
outlet drive shafts are anti -coast brake -drums 
and brakes. When the control lever is re- 
leased the brake is applied to aid in stopping 
the control shaft and controlling any coasting 
of the grader motion. 

b. Removal. 

(1) Refer to figure 2-3, step 8, and dis- 
connect propeller shaft coupling. 


(2) Refer to figure 2-17 and remove the 
power control box and vertical drive 
housing. 

c. Installation. ^ 

(1) Refer to figure 2-17 and install the 
power control box and vertical drive 
housing. 

(2) When installing hydraulic pumps 
and adapter, guide drive shaft from 
vertical drive housing into splines 
of pump drive gear in pump adapter. 
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1 

HeadligTht wire 

20 

Blackout light bracket (LH only) 

2 

Screw, cap, hex-head 

21 

Screw, cap, hex-head 

3 

Nut 

22 

Washer, lock 

4 

Washer, lock 

23 

Wire clamp 

5 

Headlight 

24 

Screw, cap, hex-head (2) (RH only) 

6 

Screw, cap, hex-head 

26 

Washer, lock (2) (RH only) 

7 

Nut 

26 

Bearing cap (2) (RH only) 

8 

Washer, lock 

27 

Screw, cap, hex-head (2) 

9 

Screw, cap, hex-head (2) 

28 

Washer, lock (4) 

10 

Washer, lock (2) 

29 

Nut (2) 

11 

Headlight bracket 

30 

Bearing cap 

12 

Spacer bar (LH only) 

31 

Shim 

13 

Blackout light wire (LH only) 

32 

Universal joint 

14 

Screw, cap, hex-head (LH only) 

33 

Nut (4) 

16 

Washer, lock (LH only) 

34 

Washer, lock (4) 

16 

Bearing washer (LH only) 

36 

Screw, cap, hex-head (2) 

17 

Blackout headlight (LH only) 

36 

U bolt 

18 

Screw, cap, hex-head (2) (LH only) 

37 

Moldboard lift gear assembly 

19 

Washer, lock (2) (LH only) 




Figure 2-11. -Moldboard lift gear assembly, removal and installation. 
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1 Screw, cap, hex-head (2) 8 Shim 

2 Washer, lock (2) 9 Universal joint 

3 Hydraulic line bracket 10 Bolt (6) 

4 Screw, cap hex-head, 3/4-10 X 3 1/4 in. (4) 11 Nut, 1-8 (5) 

5 Nut, 3/4-10 (4) 12 Washer, lock, 1 in. (10) 

6 Washer, lock, 3/4 (4) 13 Scarifier lift gear assembly 

7 Bearing cap (2) 


Figure 2—12. Scarifier lift gear oussembly, removal and installation. 





USING A SUITABLE 


REMOVE COTTER PIN 


AND COUPLING PIN. . 
DISENGAGE COUPLING! 
FROM GEAR ASSEMBLY. | 


REMOVE SCREWS (3), NUTS 
(2), AND LOCK WASHERS (5). 


MEC 3805-237-''5/2-13 


SCREW AND 
DISCONNECT 
UNIVERSAL JOINT 
FROM TRANSFER 
HOUSING SHAFT, 


l\C/VVV_/VC LWINO 

NUTS (2), AND LOCK 
WASHERS (2) 


'remove SHORT BOLTS (2), 
NUTS (2), AND LOCK 
WASHERS (2). 


REMOVE TRANSFER 
HOUSING. 


HOIST AND CHAIN, 
REMOVE CIRCLE 
REVERSE GEAR 
ASSEMBLY. 




Figure 2— IS. Transfer housing and circle reverse gear assembly, removal and 

installation. 




SHIFT 

ARM 


LATERAL SHIFT 
GEAR ASSEMBLY 


BEARING 

CAP 


LATERAL 
SHIFT LINK 


STEP 1. REMOVE SCREWS (2) AND LOCK 
WASHERS (2) AND REMOVE 
BEARING CAP FROM BEARING 
BRACKET. 

STEP 2. LOOSEN SCREWS AND DISCONNECT 
UNIVERSAL JOINTS AT ENDS OF 
CONTROL SHAFT. REMOVE CONTROL 
SHAFT. 

STEP 3. CONNECT CHAIN AND SUITABLE 
HOIST TO LATERAL SHIFT GEAR 
ASSEMBLY. 


STEP 4. REMOVE SCREWS (2), LOCK WASHERS 
(4), AND NUTS (2) AND REMOVE 
BEARING CAP FROM LATERAL 
SHIFT LINK. 

STEP 5. REMOVE LONG BOLTS (2), LOCK 
WASHERS (2), AND NUTS (2). 

STEP 6. REMOVE SHORT SCREWS (2). 

STEP/. USING HOIST, LOWER LATERAL 
SHIFT GEAR ASSEMBLY DOWN 
FROM FRAME. 
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Figure 2-H. Lateral shift gear assembly, removal and installation. 
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REMOVE SCREWS (2) 

AND LOCK WASHERS (2) REMOVE COTTER PIN 

AND REMOVE ANCHOR S. AND REMOVE SLOTTED VIBRATING 

BRACKET AND SHIMS. \ NUT. BAR 



STEP 1. REMOVE VIBRATING LINK. 
STEP 2. REMOVE ANCHOR BRACKET. 



REMOVE COTTER PIN, NUT 
AND WASHER. REMOVE SCREW 
AND WASHER SECURING PIN 
TO REAR OF AXLE. 


VIBRATING 

BAR 


ATTACH CHAIN TO AXLE 
AS SHOWN. DEPRESS 
VIBRATING BAR TO ALINE 
HOLES AND REMOVE PIN. 


FRONT 

AXLE 


STEP 3. REMOVE LEFT HAND VIBRATING BAR PIN. 
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Figure 2 15 (1). Front lean wheel gear assembly removal and installation. 


REMOVE SCREW AND REMOVE GEAR REMOVE NUT 

LOCK WASHER. RACK AND SHIMS. AND LOCK WASHER, 



STEP 4. REMOVE GEAR RACK AND SHIMS. 

STEP 5. REMOVE RIGHT HAND VIBRATING BAR PIN, 
SCREW, AND WASHER. 

STEP 6. REMOVE VIBRATING BAR. 

NOTE: TIP VIBRATING BAR ON SIDE AND LIFT 


BAR UP AND OUT TOWARDS LEFT SIDE 
OF GRADER. GUIDE BAR OUT FROM 
BETWEEN BOLSTER PLATE AND AXLE. 




STEP 7. REMOVE SCREW AND LOCK WASHER 
FROM BEARING BRACKET. 

STEP 8. DISCONNECT UNIVERSAL JOINT 

FROM GEAR ASSEMBLY BY LOOSENING 
CLAMP SCREW. 
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STEP 9. REMOVE FRONT WHEEL LEAN 
GEAR ASSEMBLY. 


Figure 2-15 (2) — Oontinued. 
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Figure 2 - 16 . Adjustment of left hand end of 
vibrating bar. 
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FRONT 
• WEATHERSTRIP 


PUMP 
ADAPTER 
MOUNTING 
SCREWS 




FRONT HOLD 
DOWN STRIP 



FLOOR 
HOLD DOWN 
STRIP 


STEP 1. REMOVE TWO PUMP ADAPTER MOUNTING 
SCREWS, SPACERS, LOCK WASHERS, 

AND NUTS. 

STEP 2. REMOVE FOUR SCREWS, LOCK WASHERS, 
AND NUTS AND REMOVE TWO SIDE 
HOLD DOWN STRIPS. 

STEP 3. REMOVE SIX BOLTS, LOCK WASHERS, FLAT 
WASHERS, AND NUTS AND REMOVE TWO 
FLOOR HOLD DOWN STRIPS. REMOVE 
FLOOR WEATHERSTRIP. 

STEP 4. REMOVE TWO SCREWS, LOCK WASHERS, 
AND NUTS AND REMOVE UPPER FRONT 
HOLD DOWN STRIP. REMOVE FRONT 
WEATHERSTRIP. 


STEP 5. DISCONNECT FIVE HYDRAULIC 
LINES FROM PUMPS. 

STEP 6. REMOVE EIGHT SCREWS AND LOCK 
WASHERS AND REMOVE TWO 
HYDRAULIC PUMPS. REMOVE TWO 
SCREWS AND LOCK WASHERS FROM 
INSIDE OF PUMP ADAPTER. 

STEP 7. REMOVE TWO NUTS AND LOCK 
WASHERS FROM STUDS BETWEEN 
PUMPS. REMOVE SPACER FROM 
LOWER STUD AND REMOVE 
ADAPTER, GASKET, AND 
SHIMS. 
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HYDRAULIC 

LINES 

i 


HYDRAULIC 

LINES 


IHYDRAULIC 

3pump 


PUMP 

ADAPT 


REMOVE NUTS (2), LOCK 
WASHER (2), AND SPACER 
FROM STUDS BETWEEN 
PUMPS. 


Figure 2—17 (1). Power control box, removal and installation. 











STEERING CONTROL 
SHAFT BEARING 
BRACKET 


POWER 

CONTROL 

BOX 


POWER SHIFT 
MOLDBOARD CONTROL 
LEVER 


SHAFTS 


STEP 8. REMOVE TWO SCREWS AND LOCK WASHERS AND REMOVE STEERING 

CONTROL SHAFT BEARING BRACKET. MOVE SHAFT FROM CONTROL BOX. 

STEP 9. DRIVE SPRING PIN FROM ACTUATING LEVER AND END OF POWER 
SHIFT MOLDBOARD LEVER. REMOVE NUT AND LOCK WASHER AND 
REMOVE POWER SHIFT MOLDBOARD CONTROL LEVER, BEARING, AND 
ACTUATING LEVER FROM BRACKET. 

STEP 10. REMOVE THREE INSTRUMENT PANEL MOUNTING SCREWS AND LOCK 
WASHERS, TWO ON TOP AND ONE ON BOTTOM. PLACE INSTRUMENT 
PANEL ON FLOOR OUT OF WAY OF POWER CONTROL BOX. 

STEP 11. REMOVE TWO FLAT HEAD COUNTERSUNK SCREWS AND LOCK WASHERS 
AND REMOVE PARKING BRAKE LEVER BRACKET FROM POWER 
CONTROL BOX. 

STEP 12. REMOVE SCREW, TWO WASHERS AND NUTS AND REMOVE GOVERNOR 
CONTROL LEVER ASSEMBLY FROM FRONT SHEET. 

STEP 13. LOOSEN CLAMPING SCREWS AND DISCONNECT SIX CONTROL SHAFTS 
FROM POWER CONTROL BOX CLUTCH Dr'iVE SHAFTS. 

STEP 14. REMOVE TWO SCREWS AND INSTALL LIFTING EYES IN POWER 
CONTROL BOX. ATTACH CHAIN AND HOIST TO LIFTING EYES. 


MEC 3805-237-35/2-17 © 


Figure 2-17 (2) — Continued. 


GOVERNOR CONTROL 
LEVER ASSEMBLY 


PARKING BRAKE 
LEVER BRACKET 




REMOVE TWO 
V SCREWS FROM 
UPPER CORNERS. 


REMOVE FOUR 
jSCREWS FROM 
fTOP FLANGE. 


REMOVE NUTS AND 
REMOVE SUPPORT 
TWO SUPPORT RODS 


STEP 15. 


REMOVE FOUR 5/16-18 X 1-1/2 IN. 
SCREWS, 5/16 IN. LOCK WASHERS, 

AND 5/16-18 NUTS FROM LOWER 
FLANGE OF POWER CONTROL BOX. 
NOTE: LIFT HOIST AND CHAIN TO 

SUPPORT POWER CONTROL BOX 
BEFORE REMOVING ATTACHING 
PARTS. 


STEP 16. 


STEP 17. 


STEP 18. 


STEP 19. 


STEP 20. 


STEP 21. 


REMOVE TWO 1/2-13 x 1-3/4 IN. SCREWS, 
1/2 IN. LOCK WASHERS AND 1/2-13 
NUTS, ONE FROM EACH UPPER 
CORNER OF CONTROL BOX, 

REMOVE TWO 1/2-13 x 1 IN. SCREWS 
AND 1/2 IN. LOCK WASHERS, ONE 
FROM EACH SIDE FLANGE OF 
CONTROL BOX, 

REMOVE TWO 3/8-16 X 1 IN. SCREWS 
AND 3/8 IN. LOCK WASHERS 
FROM TOP FLANGE OF POWER 
CONTROL BOX. 

REMOVE FOUR NUTS AND LOCK 
WASHERS FROM TWO SUPPORT RODS 
AND MOVE RODS AWAY FROM POWER 
CONTROL BOX, 

LIFT POWER CONTROL BOX SLIGHTLY 
WITH HOIST AND MOVE CONTROL 
BOX BACK TO CLEAR LIP AT TOP OF 
FRONT SHEET. 

LIFT POWER CONTROL BOX AND 
VERTICAL DRIVE ASSEMBLY FROM 
MOTOR GRADER. 

NOTE: USE CARE WHEN GUIDING 

VERTICAL HOUSING UP THROUGL 
FLOOR PLATE. 


MEC 3805-237-35/2-17 @ 


Figure 2-17 (3) — Continued. 




CHAPTER 3 


TRANSMISSION 


Section I. PARKING BRAKE 


3-1. General 

The parking brake mounted on the front of 
the lower transmission is a two shoe, internal 
expansion type. The brake is mechanically ap- 
plied by means of a manually operated lever. 

3-2. Removal 

a. Drill out staking on lower transmission 
lower shaft locknut. Refer to figure 3-1 and 
remove brake drum. 

Caution: Remove all of staked material to 
prevent damage to shaft when locknut is re- 
moved. 

h. Disconnect brake cable from bellcrank 
(para 2-30). 

c. Remove strut spring (4, fig. 3-2) and 
strut (5) to gain access to two of backing 
plate mounting screws. 

d. Remove screws (6, fig. 3-2) and lock- 
washers (7) securing backing plate assembly 



Figure 3-1 Brake drum, removal lor instcUlatiom. 


to adapter on lower transmission. Remc 
backing plate assembly. 

3-3. Disassembly 

a. Disassemble the brake assembly in t 
numerical sequence as illustrated in figure 
2. Index numbers 1 through 7 were remov 
in paragraph 3-2. 

h. Remove two screws, nuts and lockwas 
ers and remove abutment cap and seal frc 
cable. Remove cable from backing plate. 

3—4. Cleaning 

Clean all metal parts in cleaning compoui 
solvent (Spec. P-S-661) and dry thoit>ugl: 
with compressed air. 

Warning: The solvent is highly inf la 
mable. Do not use solvent near an open flan 

3—5. Inspection and Repair 

а. Inspect brake shoes and linings for we 
or damage. Change oil soaked linings. I 
place shoes when lining is worn to witl: 
1/32 to 1/16 inch of the closest rivet head. 

б. Inspect springs for weak or broken c( 
dition. Replace springs if defective. 

c. Inspect adjusting screw, nut, and socl 
for cracks or damaged threads. Replace ( 
fective parts. 

d. Inspect shoe hold-down pins and spri 
cups for cracked or bent condition. Repls 
defective parts. 

e. Inspect brake lever for bent or brok 
condition. If defective, replace lever. 

/. Inspect drum and backing plate i 
cracks or distortion. Inspect brake shoe c( 
tact surface of drum for grooves or wei 
Replace drum or backing plate if defective, 








I 2 Washer, lock, 1/2 in .(2) 

3 Brake drum 

4 Spring 
6 Strut 

6 Screw, cap, hex-hd, 3/8-16 X 1 in. (8) 

7 Washer, lock, 3/8 in. (8) 

8 Setscrew, socket-hd, 5/8-18 X 1/2 in. 

9 Cover plug 

10 Adjusting screw spring 

11 Pivot nut 

12 Adjusting screw 

13 Adjusting screw socket 

14 Anchor to shoe spring (2) 


16 Spring (2) 

17 Shoe hold-down pin 

18 Brake shoe 

19 Pin, cotter, 3/32 X 6/8 in. 

20 Nut, slotted hex, 5/16-18 

21 Lever pin 

22 Lever 

23 Nut, hex 

24 Washer, lock, 5/8 in 

25 Washer, flat, 6/8 in. 

26 Anchor pin 

27 Shoe guide plate 

28 Backing plate 

Figure 3~2 — Continued. 


g. Inspect anchor pin and lever pin for 
damaged threads. Replace defective pins. 

3—6. Reassembly 

a. Insert spring end of cable into opening 
in backing plate from back of plate. Position 
abutment cap, which is part of cable, against 
backing plate. Install felt seal and remaining 
abutment cap and secure with two screws, 
lockwashers, and nuts. 

b. Reassemble the brake in reverse of nu- 
merical sequence as illustrated on figure 3-2 
and the following. Parts 1 through 7 of figure 
3-2 will be installed when the brake in in- 
stalled on the grader. 

(1) When installing brake shoes, install 
the shoe on the side of the backing 
plate where the cable enters the 
plate. 

(2) Assemble brake lever (22, fig. 3-2) 
to other shoe. Install cable into 
slotted end of brake lever. Bushing 
on end of cable must be located in 
recess in edges of slot. Ends of slot 
must be forced together to hold ca- 
ble in place. 

(3) Install the assembled lever and shoe 
on the backing plate. 

(4) Assemble adjusting screw, nut, and 
socket prior to installation. Shorten 
screw as much as possible to facili- 
tate installation. 

(5) Adjusting screw must be over slot 
in backing plate. 

3-7. Installation 

a. Install backing plate assembly on adapt- 
er on front of lower transmission. Secure 


backing plate with screws (6, fig. 3-2) an 
lockwashers (7). 

b. Expand shoes and install strut (5) an 
spring (4). 

c. Refer to figure 3-1 and install brak 
drum. Place transmission in gear and torqr 
locknut to a reading of 550 to 575 fo( 
pounds. 

d. Stake locknut. 

e. Do not connect brake cable to bell cran 
until after brake adjustment has been pei 
formed. 

3-8. Adjustment 

a. Loosen hex nut (23, fig. 3-2) and r( 
move adjusting slot cover (9). 

b. Turn adjusting screw until shoes mov 
out against drum. Tap around outside c 
drum to center brakes shoes. 

c. Tighten nut on anchor pin. Loosen ac 
justing screw approximiately 6 of 8 notchei 

d. Remove setscrew (8, fig. 3-2) and tur 
drum as required to check clearance betwee 
brake lining and drum using a feeler gage ii 
serted through the setscrew hole. 

e. Clearance at upper ends of shoes must Y 
.004 in. To adjust, loosen nut (23, fig. 3-2 
on anchor pin and tap pin downward to ii 
crease clearance or upward to decrease clea: 
ance. Tighten nut after adjustment. 

/. Turn adjusting screw (12, fig. 3-2) i 
required to obtain 0.008 in. clearance at low( 
ends of shoes. 

g. Install adjustment slot cover. 

h. Adjust cable and connect to bell crar 
(para 2-30). 
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Section II. SHIFTING MECHANISM 


3-9. General 

This section covers the shifter mechanism 
and levers. The shifter levers, shifter lever ' 
universal balls, ball caps, and associated parts 
may be removed as an assembled group of 
parts and will be covered separately from the 
shifter hbusing, rocker shafts, rails, and forks, 

3-10, Shifter Levers 

a. General The shifter levers permit the 
operator to select the desired transmission ar- 
rangement to meet the required co-nditSens of 
operation. One lever controls the shiMng of 
the upper transmission gears and the other 
controls the shifting of the lower transmission 
gears. 

b. Removal and Disassembly. Refer to TM 
5-3805-237-12 for removal and disassembly. 
To remove universal balls (19, fig. 3-3) from 
levers (20 and 21), press out pins (18). 

c. Cleaning. Clean all metal parts in clean- 
ing compound, solvent (Spec. P-S-661) and 
dry thoroughly with compressed air. 

Warning: The solvent is highly inflam- 
mable. Do not use solvent near an open flame. 

d. Insvection and Repair. 

(1) Inspect boots and rubber cover for 
split or tom condition. Inspect for 
deterioration of material. Replace 
defective parts. 

(2) Inspect metal parts for wear and 
damage. Replace defective parts. 

(3) Inspect universal balls and pins for 
burs, gouges, or rough surfaces. Re- 
pair all damaged or rough surfaces. 

e. Reassembly and Installation. 

(1) Install universal ball (19, fig. 3-3) 
on lower or upper transmission lever 
(20 or 21). Support ball in a block 
with a matching radius. 

(2) Lubricate pin (18) heavily and press 
pin into ball and lever until end of 
pin is flush with surface of universal 
ball. Check for free movement of 
ball or lever. 


(3) Repeat procedure for other le 

(4) Refer to TM 5-3805-237-12 a 
assemble remainder of shift 
parts. 

3—1 0. Shifter Mechanism 

a. General. The shifter mechanism c 
of the housing, rocker shaft and levers, 
rails, and shifter forks. Shifter rails am 
are located in both the upper and lower 
mission housings. 

h. Removal. 

(1) Refer to paragraph 2-30 and ; 
drive unit from frame. 

(2) Refer to paragraph 3-2 and 
parking brake assembly. 

(3) Remove upper transmission 
plates and gaskets by 
ing mounting screws, nuts, an 
washers. Remove screws and 
washers and remove lower tr£ 
sion right side cover plate ai 
ket. 

(4) Disassemble the shifter mec 
in numerical sequence as illu 
in figure 3-4. Front shifte 
(9) and rear shifter fork (1 
removed from upper transr 
Rear shifter fork (53) and 
shifter fork (54) are remove 
the lower transmission. 

(5) Discard all gaskets and pre 
packings. 

c. Cleaning. Clean all parts in cleanii 
pound, solvent (Spec. P-S-661) and dr 
oughly with compressed air. 

Warning: The solvent is highly 
mable. Do not use solvent near an open 

d. Inspection and Repair. 

(1) Inspect all parts for wear an 
age. 

(2) Replace all worn or damaged 

e. Installation. 

(1) Insltiall shifter mechanism part 
verse of numerical sequence £ 
trated in figure 3-4. The fc 
additional instructions shoi 
observed. 
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1 Bolt, carriage, 3/8-16 X 1 1/4 in. (5) 

2 Nut, hex, 3/8-16 (5) 

3 Washer, lock, 3/8 in. 

4 Washer, flat, 3/8 in. 

5 Clamp 

6 Rubber cover 

7 Screw, cap (4) 

8 Washer, lock (4) 

9 Shim (4) 

10 Ball (2) 

11 Hose clamp (4) 

Figure SS. Transmission shifter levers, exploded 
view. 


13 Cover plate 

14 Retaining ring (2) 

15 Cap spring (2) 

16 Seal cap (2) 

17 Ball cap 

18 Pin (2) 

19 Universal ball 

20 Lower transmission lever 

21 Upper transmission lever 

Figure 3-3 — Continued. 


(2) Lubricate preformed packings and 
working surfaces of shafts and bush- 
ing before installation. Use shellac 
or gasket seal on all gaskets. 

(3) When installing interference pins 
(47), the first pin must be installed 
round end first. Install biscuit (48) 
and then install second interference 
pin with round end of pin outward. 

(4) Press or drive bushing (34) into 
housing (28) until bushing is flush 
with inside shoulder of housing. 
Leave shaft end mounting screws 
(35) loose until housing is installed. 

(5) Place front and rear shifter forks in 
upper transmission and over shifter 
collars with long hubs of forks to- 
ward each other before installing 
rails. 

Note. The prongs of the front (reverse) 
shifter fork (9), which is mounted on the 
upper shifter rail, are larger than the 
prongs on the lower shifter fork (10). 

(6) Insert interlocking ball into vertical 
hole in upper rail opening in hous- 
ing. Ball must be in neutral groove 
of lower rail before installation of 
upper rail. 

(7) Turn shifter forks (9 and 10) until 
setscrew holes are alined. Install 
cap screws (7) and setscrews (8). 
Do not tighten cap screws. Tighten 
setscrews and then lo'osen 1/4 turn. 
Retighten setscrews to a torque of 
65 foot pounds. Tighten cap screws 
and install locking wire. 

(8) Install upper and lower transmission 
plates and gaskets 

(9) Refer to paragraph 3-7 and install 
parking brake. 

(10) Refer to paragraph 2-30 and install 
drive unit in frame. 
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1 Screw, cap, hex-hd, 3/8-16NC X 1 in. (8) 

2 Washer, lock, 3/8 in, (8) 

3 Cover plate 

4 Gasket 

5 Plug, pipe, sq-hd, magnetic 

6 Lockwire 

7 Screw, cap, drilled 


8 Setscrew 

9 Front shifter fork 

10 Rear shifter fork 

11 Lockwire 

12 Poppet screw (4) 

13 Gasket (4) 

14 Spring (4) 


Figure S—Jt. Shifter meefuinism, exploded view. 
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16 

Upper shifter rail 

36 

Washer, lock 

17 

Interlock ball 

37 

Shaft end 

18 

Lower shifter rail 

38 

Gasket 

19 

Pin, cotter, 1/8 X 1 1/4 in. (2) 

39 

Poppet cap screw 

20 

Nut, lock (2) 

40 

Poppet spring 

21 

Rocker lever 

41 

Poppet ball 

22 

Rocker lever 

42 

Screw, cap, hex-hd, 1/2-13 X 2 in. 

23 

Key, woodruff (2) 

43 

Washer, lock, 1/2 in. 

24 

Rocker shaft 

44 

Clamp bar 

25 

Screw, cap, hex-hd (3) 

46 

Lock plate 

26 

Nut, hex 

46 

Shim 

27 

Washer, lock, 3/8 in. (4) 

47 

Interference pin (2) 

28 

Shifter housing 

48 

Interference biscuit 

29 

Gasket 

49 

Preformed packing 

30 

Tube 

60' 

Lower shifter rail 

31 

Plug, pipe, magnetic 

61 

Stop 

32 

Preformed packing (2) 

62 

Upper shifter rail 

33 

Preformed packing 

63 

Rear shifter fork 

34 

Bushing 

64 

Front shifter fork 


Figure S-U — Continued. 


Section III. TRANSMISSION 


3-12. General 

a. The transmission consists of an upper 
transmission which contains gears for reverse 
and high and low speeds, and a lower trans- 
mission which contains gears to provide three 
speed ranges for each of the upper transmis- 
sion arrangements. An intermediate plate en- 
closes the front of the lower transmission and 
the rear of the upper transmission. 

b. The upper shaft of the upper transmis- 
sion is driven by the clutch shaft which is 
connected to the end of the transmission with 
a universal joint. The shaft is hollow and en- 
closes the power take-off shaft which is sup- 
ported by a bearing and bearing cage mounted 
on the front end of the upper transmission. 
Disassembly of the clutch shaft is covered with 
the clutch and the power take-off shaft and 
bearing cage is covered with the power box 
vertical drive. 

3-13. Removal and Disassembly 

a. Preliminary Operations. 

(1) Refer to paragraph 2-30 and remove 
drive unit from frame. 

(2) Refer to paragraph 2-31 and remove 
engine. 

(3) Refer to paragraph 3-2 and remove 
parking brake assembly. 


(4) Refer to TM 5-3805-237-12 and 
drain transmission. 

(5) Refer to paragraph 3-11 and remove 
shifter mechanism. 

h. Upper Transmission Housing. 

(1) Remove upper transmission housing 
and external parts in the numerical 
sequence as illustrated in figure 3- 
5. Observe the following additional 
instructions. 

(2) Support bar and cover plates, index 
numbers 1 through 13, were previ- 
ously removed. 

(3) To remove shaft locknuts (18 and 
23) drill out staked portion and us- 
ing bar, shift transmissiion into two 
gears to lock transmission. Upper 
shaft nut is torqued to between 550 
and 575 foot pounds and lower shaft 
nut to between 300 and 325 foot 
pounds. 

Caution: Remove all of staked 

material to prevent damage to shaft 
when shaft lock nut is removed. 

(4) Install a nut on dowel pin (25) to 
facilitate removal. 

(5) Install puller bolts on opposite sides 
of each bearing (upper and lower 
shaft). Attach pullers to puller 
bolts and pull housing. Bearings 
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will come with housing leaving 
shafts and gears in place. 

Note. Pull on both pullers equally. 

(6) Press out bearings (42 and 43). Do 
not remove retaining rings. 

(7) Discard gaskets, seals, and pre- 
pormed packings. 

c. Upper Transmission Shafts and Gears. 

(1) Remove shafts and assembled gears 
from intermediate plate and disas- 
semble in the numerical sequence as 
illustrated in figure 3-6. Observe 
the following additional instructions. 

(2) Use a gear puller to remove bear- 
ing races from shafts. 

(3) A specially designed tool (Table 2- 
2) may be fabricated to aid in remov- 
ing and installing retaining rings. 

d. Intermediate Plate. 

(1) Remove and disassemble intermedi- 
ate plate and lower transmission 
shaft external parts in numerical se- 
quence as illustrated in figure 3-7. 
Observe the following additional in- 
structions. 

(2) Drill out staked material from upper 
shaft locknut and shift transmis- 
sion into two gears to lock transmis- 
sion prior to removing nut. Nut is 
torqued to 550 to 575 foot pounds. 
Lower shaft nut was removed with 
parking brake. 

Caution: Remove all staked ma- 
terial to prevent damage to shaft 
when locknut is removed. 

(3) To remove bearing cage (12) install 
cap screws into puller holes in cage 
and use a puller to remove the cage. 

Caution: If shaft is not held back 
in transmission during removal of 
bearing cage, the oil flinger will be 
damaged. 

(4) Install nuts on dowel pins to facili- 
tate removal. 

(5) To remove intermediate plate from 
lower transmission housing, install 
nuts on studs on opposite sides of 
bearing and attach a puller to the 
nuts. 


e. Lower Transmission Shafts and Gears. 

(1) Remove oil flinger (1, fig. 3-8) fror 
lower shaft. Lift assembled uppe 
shaft from housing then remove as 
sembled lower shaft. Upper shal 
bearing and lower shaft bearini 
race will remain in housing. 

(2) Disassemble upper and lower shaft 
in numerical sequence as illustrate 
in figure 3-8. 

(3) Use a puller to remove gear bearin; 
and bearing inner race from spin 
pinion shaft. 

/. Transmission Housing and Engine Su% 
ports. 

(1) Remove lower transmission housin 
and engine supports in numerical S( 
quence as illustrated in figure 3-i 

(2) Cover plate (4) was removed wit 
shifter mechanism. 

(3) Discard all gaskets. 

3—14. Cleaning 

a. Remove all accumulated grease and dii 
from transmission housings, gears, and shaft 

b. Clean all parts in cleaning compounc 
solvent (Spec. P-S-661) and dry thoroughl 
with compressed air. 

Warning: The solvent is highly inflan 

mable. Do not use solvent near an open flam* 

3-15. Inspection and Repair 

a. Inspect all parts for wear or damag* 
Check gear teeth and splines for chipped c 
broken condition. Replace all defective part 

b. Check parts against tolerances listed i 
Table 1-1. Replace all parts not conforn 
ing to repair or replacement standards. 

3—16. Reassembly and Installation 

a. Transmission Housing and Engine Sui 
ports. 

(1) Install lower transmission housin 
in reverse of numerical sequence j 
illustrated in figure 3-9. Obser\ 
the following additional instruction 

(2) Press or drive bearing (24) an 
bearing race (26) against retail 
ing rings in housing. Bearing ra( 
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1 Spacer 

2 Reverse driver gear 

3 Low driver gear 

4 Spacer 

5 High driver gear 

6 Bearing 

7 Seal retainer 

8 Preformed packing 

9 Grease seal 

10 Seal collar 

11 Upper shaft 

12 Spacer 

13 Shifter gear 

14 Retaining ring 

15 Spacer 

16 Reverse driven gear 

17 Bearing 

18 Bearing rax:e 


19 Spacer 

20 Low driven gear 

21 Bearing 

22 Bearing race 

23 Spacer 

24 Retaining ring 

25 Shifter gear 

26 Retaining ring 

27 Spacer 

28 High driven gear 

29 Bearing 

30 Bearing race 

31 Spacer 

32 Bearing 

33 Seal retainer 

34 Preformed packing 

35 Grease seal 

36 Gear and shaft 

Figure 3-6, Upper transmission shafts and gears, exploded view. 


A 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 



Lock nut 
Lock nut 

Screw, cap, hex-hd, 1/2-13 X 1 1/2 in. (2) 
Washer, lock, 1/2 in. (2) 

Nut, hex, 1/2-13 (6) 

Washer, lock, 1/2 in. (6) 

Backing plate adapter 
Grease seal 
Gasket 
Spacer 

Preformed packing 
Bearing cage 
Preformed packing 
Bearing 


15 Shims 

16 Dowel pin 

17 Screw, cap, hex-hd, 1/2-13 X 2 1/2 in. (4) 

18 Screw, cap, hex-hd, 1/2-13 X 2 in. (11) 

19 Washer, lock, 1/2 in. (15) 

20 Intermediate plate 

21 Gasket 

22 Bearing 

23 Stud 

24 Stud 

25 Bushing 

26 Screw, cap, hex-hd, 3/8-16 X 1 in. (2) 

27 Washer, lock, 3/8 in. (2) 

28 Washer (2) 


Figure S-7. Intermediate plate, exploded view. 


(26) must be flush or within the 
wall of the housing. 

(3) Use shellac or gasket seal on all 
gaskets. 


(4) Do not install cover plate on right 
side until shifters have been in- 
stalled. 

(5) When mounting lower transmission 
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housing on final drive housing, in- 
stall mounting screws and lockwash- 
ers but do not tighten fully. Drive 
in dowel pins using nuts on pins to 
prevent damage to threads. Torque 
mounting screws to 190 foot pounds. 

b. Lower Transmission Shafts and Gears. 

(1) Reassemble lower transmission 
shafts and gears in reverse of nu- 
merical sequence as illustrated in fig- 
ure 3-8 prior to installation in hous- 
ing. Observe the following addi- 
tional instructions. 

(2) Heat bearing (30), bearing races (17 
and 27), and bearing with race (11) 
in oil to 350 °F prior to installation. 
Hold in place until set. Radius of 
bearing (30) must be against spiral 
pinion. 

(3) Install shifter gear (14) with coun- 
terbore away from second gear 
(15). Chamfered side of spacer (13) 
must be toward shifter gear. 

(4) Install first gear (7) on upper shaft 
with chamfered end toward retain- 
ing ring groove. Heat bearing 
sleeve (6) in oil and install on shaft 
with chamfered side toward gear. 

(5) Install both shafts in housing be- 
fore installing oil f linger (1). In- 
stall flinger on shaft with long end 
of hub toward threaded end of 
shaft and with square slot in hub 
over head of pin (2) in shaft. 

c. Intermediate Plate. 

(1) . Install intermediate plate and lower 

transmission shaft parts in reverse of 
numerical sequence as illustrated 
in figure 3-7. Observe the follow- 
ing additional instructions. 

(2) Lubricate preformed packings before 
installation. Use shellac or gasket 
seal on all gaskets. 

(3) When installing intermediate plate 
on lower transmission, aline dowel 
pin holes and install mounting cap 
screws and lockwashers. Do not 
tighten screws. Install nut on dow- 
el pin to prevent damage to threads 
and drive pin through intermediate 


ing. Remove nut. Tighten c 
screws to a torque reading of 1 
foot pounds. 

(4) Drive bearing (22) over upper shi 
of lower transmission and into i 
termediate plate with open ends 
retaining ring alined with oil h( 
in plate. 

(5) Install preformed packing (13) 
bearing cage (12) and install be£ 
ing cage in intermediate plate, 1 
not install shims (15) until pini^ 
depth adjustment has been pi 
formed {d below). Place a block 
wood between spiral pinion a; 
ball pinion in final drive housir 
Drive bearing (14) into bear! 
cage. 

(6) Press grease seal (8) into backr 
plate adapter (7) with lip of se 
away from hub of adapter. Inst 
adapter on bearing cage. Inst 
spacer with preformed packing ei 
of spacer next to bearing. 

(7) Install nut (2) on upper shaft. Sh: 
transmission into two gears a] 
tighten nut to a torque of 550 to 5' 
foot pounds. Stake nut. 

(8) Lower shaft locknut will be i 
stalled after parking brake is i 
stalled. Refer to d below for pink 
shaft depth adjustment and install 
tion of shims. 

d. Spiral Pinion Shaft Depth Adjustmey 

(1) Install brake drum on lower tran 
mission shaft. Install locknut ( 
fig. 3-7) and tighten to a torqi 
reading of 550 to 575 foot pounc 
Do not stake nut, 

(2) Insert a gauge block 1.325 to 1.3! 
inch long between spiral pinion ai 
the spacer which is between tl 
spiral ring gear and bull pinion ja( 
shaft on the final drive (fig. 8-10) 

(3) Using a block of wood, drive fro: 
end of spiral pinion shaft back 
the lower transmissiofn until face 

v-vT i y%v\ in rv r» -i c» 4* 4* In A n*/n Tnl/^/ily 
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11 

Bearing 

21 

Shifter collar 

12 

Shifter collar 

22 

Shifter gear 

13 

Spacer 

23 

Poppet 

14 

Shifter gear 

24 

Poppet spring 

15 

Second gear 

25 

First gear 

16 

Roller assembly 

26 

Roller assembly 

17 

Inner race 

27 

Inner race 

18 

Spacer 

28 

Spacer 

19 

Pin 

29 

Pin 

20 

Spacer 

30 

Bearing 



31 

Spiral pinion shaft 


Figure 3 8. Lower transmission shafts and gears, exploded view. 
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(4) Check gap between bearing cage (12, 
fig. 3-7) and intermediate plate 
( 20 ). 

(5) Install shims (15, fig. 3-7) as re- 
quired to equal gap measurement. 
Tighten bearing cage stud nuts to a 
torque of 65 foot pounds. 

(6) Recheck pinion depth setting. Shift 
gears into neutral. 

e. Upper Transmission Shafts and Gears. 

(1) Assemble upper transmission shafts 
and gears in reverse of numerical se- 
quence as illustrated in figure 3-6. 
Observe the following additional in- 
structions. 

(2) Press oil seal (35) into seal retainer 
with lip of seal away from milled 
surface of retainer. Install retainer 
on lower shaft (36) with milled 
surface toward gear. 

(3) Heat bearing (32) in oil and install 
on hub of shaft with large radius of 
bearing toward gear. Install spacer 
(311 with shoulder toward bearing. 

(4) To install bearing races (18, 22 and 
30), heat in oil and install with 
chamfer on race toward adjacent 
spacer. Hold in place until set. 

(5) A specially designed tool (Table 2- 
2) may be used to aid in installing 
retaining rings past the grooves in 
the shaft. 

(6) Make a chalk mark on front of in- 
termediate plate at bearing bore for 
lower shaft, Mark to be in line with 
retainer lock on rear of intermediate 
plate. Aline milled surface of seal 
retainer with mark and insert shaft 
assembly. Bump end of shaft un- 
til milled surface of retainer is 
against the retainer lock. 

(7) Press oil seal (9) into retainer (7) 
with lip of oil seal away from 
milled surface of retainer. 

(8) Heat grease seal collar (10) in oil 
and install collar on shaft with cham- 
fered edge of collar away from 
threaded end of shaft. Hold collar 
in position until set. 


(9) Install oil seal . and retainer 
spacer with milled surface of retail: 
away from threaded end of shaft. 

(10) Heat bearing (6) in oil and inst 
cm shaft with sleeve of bearing aw 
from retainer. Hold bearing ur 
set. 

(11) , Install high driver gear on sh; 

with long hub of gear tow£ 
threaded end of shaft. 

(12) After gears have been installed 
shaft, install spacer (1) with rec< 
in spacer toward reverse driver ge 
( 2 ). 

(13) Install upper shaft assembly into 
termediate plate; milled surfs 
on oil seal retainer must be in i 
ward position. Bump end of shi 
until milled surface of seal retail 
is against retainer lock on back 
intermediate plate. Lock will p: 
vent retainer from rotating in bo 

f. Upper Transmission Housing. 

(1) Reassemble and install upper traa 
mission housing in reverse of r 
merical sequence as illustrated in f 
ure 3-5. Support bar and mounti 
bolts (1 through 6) will be instal 
when drive unit is installed in frar 
Observe the following additional 
structions. 

(2) Use shellac or gasket seal on 
gaskets. 

(3) Install reverse idler gear in housi 
with hub of gear toward front 
housing. Do not install shaft bei 
ings (42 and 43) until housing I 
been installed on intermediate pla 

(4) Install housing gasket, housir 
mounting cap screws, stud nu 
and lockwashers. Do not tight 
screws and nuts. Pivot plate (31) 
attached with housing mounti 
cap screws. Do not tighten c 
screws and nuts. 

(5) Install nut on dowel pin (25) a 
drive pin through housing into : 
termediate plate. Remove nut fri 
dowel pin. Tighten housing moui 
ing cap screws and nuts. 
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1 Screw, cap, hex-hd, 3/8-16 X 1 in. (9) 

2 Nut, hex, 3/8-24 

3 Washer, lock, 3/8 in. (10) 

4 Cover plate 

5 Gasket 

Figure 3^9. Lower transmission housing and engine supports, exploded view. 


6 Plug, pipe 

7 Screw, cap, hex-hd, 3/8-16 X 1 in. (8) 

8 Washer, lock, 3/8 in. (8) 

9 Cover plate 
10 Gasket 
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11 

Screw, cap, hex-hd, 5/8-11 X 

1 7/8 (6) 

21 

Elbow 

12 

Washer, lock, 5/8 in. (6) 


22 

Breather 

13 

Dowel pin (4) 


23 

Stud 

14 

Left-hand engine mount 


24 

Bearing 

IB 

Right-hand engine mount 


25 

Retaining ring 

16 

Screw, cap, hex-hd, 8/4-10 

X 2 1/2 in. (10) 

26 

Bearing race 

17 

Washer, lock, 3/4 in. (10) 


27 

Retaining ring 

18 

Dowel pin 


28 

Retaining ring (2) 

19 

Lower transmission housing 


29 

Tubular support 

20 

Gasket 





Figure 3-9 — Continued. 


(6) Drive lower shaft bearing (42) on 
shaft and into housing bore until 
retaining ring is against housing. 
Drive upper shaft bearing (43) into 
housing. 

(7) Install seal collar (24) with chamfer 
of collar toward shaft locknut. Shift 
transmission into two gears and 
tighten lock nut to between 550 and 
575 foot pounds. Stake nut. 

(8) Lip of oil seal (21) must be toward 
bearing when retainer and seal are 
installed on shaft. 

(9) Torque shaft locknut (18) on lower 
shaft to a reading of 300 to 325 foot 
pounds. Stake nut. 

g. Reassembly of Grader, 

(1) Refer to paragraph 3-11 and install 
shifter mechanism. 

(2) Refer to paragraph 3-7 and install 
parking brake. 

(3) Refer to paragraph 2-31 and install 
engine. 


(4) Refer to paragraph 2-30 and inst 
drive unit in frame. 

(5) Refer to TM 5-3805-237-12 and f 
transmission with lubricant. 


SPIRAL 



Figure 3—10. Checking transmission pinion shaft dep\ 



TM 5-3805-237- 


CHAPTER 4 

TANDEM ASSEMBLIES AND FINAL DRIVE 
REPAIR INSTRUCTIONS 


Section I. TANDEM ASSEMBLIES 


4-1. Genera! 

a. The tandem assemblies consist of the 
rear wheel axles, bearings, axle housings, 
sprockets, and driving chains. The sprockets 
and chains are enclosed in the tandem hous- 
ings mounted on the sides of the drive unit. 
The wheel axles and sprockets are located at 
the front and rear of the tandem ho-using and 
are supported by eccentric housings. The ec- 
centric housings may be rotated to change the 
tension on the drive chain. 

b. The tandems can be repaired without 
removal from the grader. The instructions in 
this section cover removal and complete over- 
haul, 

c. The left and right tandem assemblies are 
mounted on opposite sides a'nd are otherwise 
identical. To avoid repetition only one assem- 
bly is covered in detail in this section. 

d. The tandem front and rear axles and re- 
lated 'parts are identical except the bearing 
outer eccentric housings and the driven axles. 
The front bearing outer eccentric housing is 
drilled and tapped for the brake backing 
plate mounting screws. Two separate chains 
drive the front and rear axles from sprockets 
mounted on a shaft at the center of the tan- 
dem. For this reason the sprockets are lo- 
cated in different relative positions on the 
front and rear axles. 

4-2. Removal 

a. Jack up side of grader and support 
grader with blocks under frame. 

b. Refer to TM 5-3805-237-12 and remove 

Cl 


c. Disconnect hydraulic brake line frc 
brake. Remove brake backing plate asseml: 
by removing the screws and lockwashers i 
curing brake backing plate assembly to frc 
eccentric bearing housing. 

d. Drain tandem. Refer to current Lub 
cation Order. 

e. Remove screws (4, fig. 4-1), lockwas 
ers (5), cover plate (6), and gasket (7) frc 
center opening in side of tandem housing. 

/. Remove lockwire (1, fig. 4-3) c 
screws (2), and axle bolting plate (3). I 
move screws (4) and lockwashers (5) attac 
ing axle inner carrier to tandem housing. 

g. Using a hoist and blocks, move tandc 
assembly away from grader. Drive sprocl 
(6, fig. 4-3) will remain in tandem. 

h. Removal procedures are the same f 
tandem assembly on opposite side of grad' 

4-3. Disassembly 

a. Disassemble the tandem assembly 
numerical sequence as illustrated in figure 
1. Index numbers 1 through 7 were remov 
during removal of tandem. Observe the f 
lowing additional instructions. 

h. To remove top port hole cover pla1 
(8 and 9), loosen captive nuts and slide cc 
ers to one side to release end of lower pla: 

c. Remove drive sprocket (6, fig. 4-3) i 
ter chains have been uncoupled. 

d. Bearing cup (27, fig. 4-1) may 
driven out of the eccentric bearing housi 
(22) with a rod or drift inserted throu 

v\iv\r\ wlnr»* ivk Vi r\n o ivi rr 




2 Nut (2) 

3 Washer (2) 

4 Screw, cap, hex-hd, 1/2-13 X 3/4 in. (12 
6 Washer, lock, 1/2 in. (112) 

6 Cover plate 

7 Gasket 

8 Port hole cover 

9 Port hole cover (2) 

10 Gasket (3) 

11 Nut, hex, 3/8-16 (4) 

12 Washer, lock, 3/8 in. (4) 

13 Cap (4) 

14 Gasket (4) 

15 Cap clamp (4) 

16 Coupling link (2) 

17 Chain (2) 

18 Key (2) 

19 Spring pin (4) 

20 Screw, cap, hex-hd, 1/2-13 X 1 1/2 in. (24) 

21 Washer, lock, 1/2 in. (24) 

22 Eccentric bearing housing (2) 

23 Gasket (2) 


25 Grease seal (2) 

26 Plug pipe (8) 

27 Bearing cup (2) 

28 Lubricating fitting (2) 

29 Bearing cone and rollers (2) 

30 Bearing cone and rollers (2) 

31 Grease seal (2) 

32 Grease seal (2) 

33 Driven axle 

34 Screw, cap, hex-hd, 1/2-13 X 1 1/2 in. (1 

35 Washer, lock, 1/2 in. (12) 

36 Hub cap (2) 

37 Shim 

38 Lubrication fitting (2) 

39 Bearing cup (2) 

40 Screw, cap, hex-hd, 1/2-13 X 1 1/2 in. (24) 

41 Washer, lock, 1/2 in. (24) 

42 Inner eccentric bearing housing 

43 Gasket 

44 Plug, pipe (2) 

46 Tandem housing 


Figure A-1 — Continued. 


e. Use a puller to remove bearing cones and 
rollers (29 and 30) from driven axle (33). 

/, Repeat the front axle disassembly proce- 
dures for the rear axle. 

g. Disassemble the other tandem assembly 
following the procedures described in a. 
through /. above. 

h. Discard all gaskets and seals. 

4-4. Cleaning 

а. Remove all dirt and grease from exterior 
of housings. 

б. Clean all parts in cleaning compound, 
solvent (Spec. P-S-661) and dry thoroughly 
with compressed air. 

'Warning: The solvent is highly inflam- 

mable. Do not use solvent near an open flame. 

4-5. Inspection and Repair 

a. Inspect all parts for wear and dam- 
age. Replace damaged or worn parts. 

b. Check bearings thoroughly for tight 
spots,, galling, and wear. Replace defective 
bearings. 

c. Check bearings and shafts fo'r evidence 
of seizing or scoring. Replace defective parts. 


4-6. Reassembly 

a. Reassemble tandem asisemibiy in rever 
of numerical sequence as illustrated in figu 
4-1. Observe the following additional i 
structions. 

b. Use shellac or gasket seal on all gaske 
Use new seals, gaskets, and preformed pac 
ings. Lubricate seals and packings prior 
installation. 

c. After reassembly of the front axle a: 
housing in the tandem housing, reassemi 
the rear axle in the same manner. The pai 
are identical except the sprocket on the fro 
shaft is closed to the inner end and the oul 
eccentric bearing housing is drilled a: 
tapped for mounting the brake. 

d. Press or drive seals (31 and 32) in pla 
on the driven axle (33). Heat bearing cor 
and rollers (29 and 30) in oil to 350°F a: 
install on axle. Hold bearing cones and rc 
ers in place until set. 

e. Do not install bearing cup (39) and h 
cap (36) until axle and housings have be 
reassembled. 

/. Install grease seal (25) in- housing wi 
lip toward inside of tandem. Install gres 
seal (24) with casing next to first seal. Inst 
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bearing cup (27) with narrow edge inward. 

g. When installing eccentric housings (22 
and 42), notches on housings should be to- 
ward center of tandem and one bolt hole 
above hori 2 iontal centerline of tandem. 

h. After installation of shaft and housings, 
drive bearing cup (39) into inner eccentric 
bearing housing, narrow edge first. 

i To pre4oad bearings, install hub .cap 
(36) without shims (37). Install cap screws 
and tighten evenly until a slight drag is 
placed on bearings when sprocket is turned 
by hand. Measure gap between hub cap and 
inner eccentric bearing housing using a feel- 
er gauge or shims to determine the number 
of shims to be installed. Add shims as re- 
quired to fill gap. This will provide a 0.005 
in. to 0.010 in. preload. Install shims and 
hub cap. 

j. Install drive sprocket (6, fig. 4-3) in 
center opening with large hub of sprocket to- 
ward final drive. 

k. Install chains with cotter pins of front 
chain inward and cotter pins of rear chain 
outward. Pull chains through tandem and 
around sprockets using a soft wire. Install 
coupling links. 

l. Torque port hole cover nuts to 25 to 30 
foot pounds. 

m. Repeat the above procedures and assem- 
ble the other tandem. 

4—7. Installation 

a. Goat mating surfaces of tandem and axle 
inner carrier with shellac. Slide tandem on 
carrier using studs to pilot tandem into place. 
Position sprocket so drive shaft splines will 
be alined. 

b. Install screws (4, fig. 4-3) and lock- 
washers (5) to secure axle inner carrier to 
tandem. Install bolting plate (3) and screws 
(2) on end of shaft. Secure screws with lock- 
wire. 

Section II. 

4-8. General 

a. The final drive iS driven by the trans- 
mission output spiral bevel pinion and in turn 
drives the chain sprockets in the tandem as- 
semblies. 


c. Install screws (4, fig. 4-1), lockwashers 
(5), cover plate (6), and gasket (7). 

d. Adjust the tandem drive chains by rotat- 
ing the inner and outer eccentric housings in 
the direction shown by arrows in figure 4-2 
until chains are tight. Loosen chain, moving 
the housings to nearest set of bolting holes. 
Notches in front and rear and inner and outer 
housings must be in same relative positions so 
tandem will mount in a level position on the 
grader and axle bearings and sprockets will 
be properly alined. Adjust chains on both 
tandems. 

e. After adjustment install capscrews and 
lockwashers and tighten screws. 

/. Refer to current Lubrication Order and 
lubricate tandems. 

p. Install brake backing plate, mounting 
screws and lockwashers. Connect hydraulic 
lines and bleed system. 

h. Refer to TM 5-3805-237-12 and install 
wheels. 

i. Remove blocking. 


ROTATE INNERAND 
OUTER HOUSINGS 



Figure J^-S. Drive chain adjustment. 

FINAL DRIVE 

h. The final drive consists of a spiral bevel 
ring gear which mounts on a bull pinion 
shaft and a bull gear which is splined.to the 
two drive axles. The drive axles are located 
in axle carrier assemblies mounted on the 
sides of the tandems. 


4— y. Kemovai 

a. Refer to paragraph 2-30 and remove 
drive unit from frame. 

b. Refer to paragraph 2-31 and remove en- 
gine. 

c. Refer to paragraph 3-13 and remove 
transmission. 

d. Block up final drive and remove tandem 
assemblied (par. 4-2). 

4—10. Disassembly 

a. Drive Axles and Carriers. 

(1) Disassemble the drive axles and car- 
riers in the numerical sequence as il- 
lustrated in figure 4-3. Observe the 
following additional instructions. 

(2) Drive sprocket and axle caps (1 
through 9) were removed during re- 
moval of drive unit and tandems. 

(3) Block up bull gear (14, fig. 4-4) 
before removing axle outer carrier 
(28, fig. 4-3). Use suitable lifting 
equipment to support carrier. 

(4) Remove the drive axle and carriers 
on the opposite side of the final 
drive following the same procedure. 

(5) Discard gaskets, preformed pack- 
ings, and grease seals. 

b. Housing, Gears and Motor Support. 

(1) Remove motor support and disassem- 
ble final drive housing and gears 
in the numerical sequence as illus- 
trated in figure 4-4, Observe the 
following additional instructions. 

(2) Use suitable lifting equipment on 
heavy parts as required. 

(3) Remove assembled bull gear (14), 
bearing cones and rollers (18), and 
bearing lock through rear opening 
in housing. 

(4) Remove assembled shaft and pinion 
(33), bevel gear (30), and bearing 
cones and rollers (29) through top 
opening of housing. 

(5) Use puller to remove bearing cups 
and bearing cones and rollers. 

(6) Discard all gaskets and preformed 
packings. 


4-11. Cleaning 

a. Scrape all dirt from exterior of hous 
and carriers. 

b. Remove ail!l accumulated grease and ( 
from final drive parts. 

c. Olean all metal parts in cleaning c< 
pound, solvent (Spec. P-S-661) and dry tli 
oughly with compressed air. 

Warning: The solvent is highly inf If 
mable. Do not use solvent near an open flai 

d. Clean all oil holes, channels and crevi 
which may retain sludge or other residue. 

4-12. Inspection and Repair 

a. Inspect all parts for wear and dama 
Replace damaged or worn parts. 

b. Check bearings thoroughly for ti] 
spots, galling, and wear. Replace defect 
bearings. 

c. Check parts against tolerances listed 
Table 1-1. Replace all parts that do not c 
form to repair and replacement standards 

4—13. Reassembly 

a. Housing, Gears, and Motor Support. 

(1) Reassemble final drive housing f 
gears in reverse of numerical 
quence as illustrated in figure 4 
Observe the following additional 
structions. 

(2) Lubricate all seals and prefom 
packings prior to installation. T 
new seals, packings, and gask< 
Use shellac or gasket seal on g 
kets. 

(3) Heat washer (31) in oil. to 350 
and install on shaft with chamfe] 
side of bore against pinion. 

(4) . Heat bevel gear (30) in oil. Pr 

pinion shaft and key into gear. G< 
must be tight against washer. 

(6) Heat bearing cones and rollers (J 
in oil and press onto shaft. 

(i6) Press or drive bearing eups (28) 
to bearing cages (24 and 25). Ci 
must seat in bottom of bores. 
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1 Locking wire 

2 Screw, cap, drilled head (8) 

3 Bolting plate 

4 Screw, cap, hex-hd, 6/8-11 X 1 3/4 in. (22) 
6 Washer, lock, 5/8 in. (22) 

6 Drive sprocket 

7 Bolt (2) 

8 Washer, lock, 7/8 in. (2) 

9 Axle cap 

10 Retaining ring 

11 Bearing 

12 Drive axle 

13 Screw, cap, hex-hd, 1/2-13 X 2 1/2 in. (12) 

14 Washer, lock, 1/2 in. (12) 

15 Seal retainer (3) 

16 Axle carrier flange 

17 Grease seal 

18 Plug, pipe 


19 Axle inner carrier 

20 Gasket (4) 

21 Thrust ring 

22 Split thrust ring 

23 Grease seal 

24 Grease seal 

25 Lubrication fitting 

26 Screw, cap, hex-hd, 3/4-10 . X 2 1/2 in. (7) 

27 Washer, lock, 3/4 in. (7) 

28 Axle outer carrier 

29 Preformed packing 

30 Lubrication fitting 

31 Plug pipe 

32 Bearing cup 

33 Grease seal 

34 Bushing 

35 Bushing 


Figure Jt-S. Drive axle and carriers, exploded view. 


(7) Using a hoist, lower the assembled 
■pinion shaft and bevel gear into 
top of final drive housing. Install 
left hand bearing cage (24) into 
housing. Left hand bearing cage has 


large hub. Do not install shims (27). 
Install screws and tighten. 

(8) Hold pinion shaft and bevel gear 
in position and install right hand 
bearing cage (short hub) as shown 


4-6 





1 Screw, cap, hex— hd, 3/8-16 X 1 (4) 

2 Washer, lock, 3/8 in. (4) 

3 Closure cap 

4 Gasket 

6 Screw, cap, hex— hd, 3/8—16 X 1 ii^* (1^) 

6 Washer, lock, 3/8 in. (10) 

7 Cover plate 

8 Gasket 

9 Nut, hex, 1/2-20 (18) 

10 Washer, lock, 1/2 in. (18) 

11 Lower engine support 

12 Gasket 

13 Plug, pipe 

14 Bull gear 

15 Lock wire 

16 Screw, cap (2) 

17 Lock 

18 Bearing cone and rollers 

Figure 4-4. Final 


19 Lock wire 

20 Cap screw 

21 Bearing lock 

22 Screw, cap, hex— hd, 3/ 4—10 X 2 in. (8) 

23 Washer, lock, 3/4 in. (8) 

24 Left hand bearing cage 

25 Eight hand bearing cage 

26 Preformed packing (2) 

27 Shim 

28 Bearing cup (2) 

29 Bearing cone and rollers (2) 

30 Bevel gear 

31 Washer 

32 Key 

33 Shaft and pinion 

34 Stud 
36 Dowel 

36 Final drive housing 
housing and. gears, exploded view. 
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in fi'g-ure 4-5. Do not install shims 
at this time. 

(9) Tighten screws on right hand bear- 
ing cage evenly while rotating bevel 
gear. Tighten until there is a slight 
drag on the gear. 

(10) Wrap a piece of heavy cord around 
pinion teeth and pull with a spring 
scale. Tighten right hand cage 
screws evenly until scale shows a 
reading between 14 1/2 pounds and 
18 pounds. 

(11) Measure gab between bearing cage 
and housing (fig. 4-6) and install 


shims to fill the gap. Install bearing 
cage and recheck rolling torque. 

Note. All shims are temporarily placed 
under right hand bearing cage to prevent 
damage to bevel gear when transmission is 
installed. They will be redistributed after 
transmission has been installed and back- 
lash has been checked. Bearing cage cap- 
screws should be loosened before preloading 
bull gear bearings. 

(12) Install bearing lock (21) on bull 
gear hub threads far enough to al- 
low bearing cone and rollers to be 
installed. 





BEARING CAGE 


RIGHT HAND 
BEARING CAGE 


Figure 4—5. Final drive 'right hand bearing cage, vnstallation, 
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RIGHT HAND BEARING 
CAGE 


final drive 

HOUSING 


Figure i-6. Checking gap beUveen final drive housing and bearing cL^e. 


(13) Heat bearing cane and rollers (18) 
to 350°F in oil and press each cone 
and roller on bull gear in turn and 
hold in place until set. 

(14) Install bull gear and bearings in 
housing and block up bull gear to 
aline bearings with openings in sides 
of housing. Bearing lock (21) must 
be on right side. 

(15) Cover plate (7) and closure cap (3) 
will be installed after transmission 
has been installed. Do not install 
lower engine support until axle out- 
er carriers have been installed and 


bull gear blocking has been 
moved. 

h. Drive Axles and Carriers. 

(1) Reassemble and install drive ax 
and carriers in reverse of numeri 
sequence as illustrated on figure 
3. Observe the following additioi 
instructions. 

(2) , Lubricate all bushing, seals, and p 

foiiTned packings prior to instal 
tio'n. Use new seal, packings, £ 
gaskets. Use shellac or gasket s 
on all gaskets. 
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(3) Press or drive bushings (34 and 35) 
into axle outer carrier (28). Install 
outer bushing (35) with outer end 
of lengthwise groove in line with 
inner end of groove in face of car- 
rier. 

(4) Install preformed packing. Press or 
drive grease seal (33) into bottom 
of its bore in carrier with lip of 
seal away from bushing. 

(6) Press or drive bearing cup (32) into 
bottom of its bore in carrier with 
small diameter of cup toward seal. 

(6) Assemble both axle outer carriers. 
Check centering of bull gear and in- 
stall outer axle carriers using a hoist 
to support each carrier as it is in- 
stalled. Torque mounting screws to 
a reading of 275 foot pounds. 

(7) Remove blocking from under bull 
gear and install lower engine sup- 
•port. 

(8) Install grease seal (23) and split 
thrust ring on outer carrier. Hang 
gaskets (20) on outer carrier. 

(9X Press or drive grease seal (24) into 
axle inner carrier with lip of seal to- 
ward long hub of carrier. 

(10) Install thrust ring (21) on inner car- 
rier and insert axle inner carrier in- 
to outer carrier. Do not damage 
grease seals. 

(11) Thrust ring (21) must be between 
flanges of carriers. Gaskets (20) 
must be between flange of axle in- 
ner carrier and carrier flange (16). 
Split thrust ring (22) must be be- 
tween carrier flange (16) and axle 
outer carrier (28). Grease seals (17) 
are placed in grooves between ends 
of carrier flanges (16). Grease seal 
(23) must be in flange groove and 
held in place by retainers (15). 

(12) , Check freedom of rotation of axle in- 

ner carrier. Carrier must rotate free- 
ly with no end mwement. 

Tf innov will Tir»f T>rk+!3+o -fviicklir 


(14) If axle inner carrier has end play, re- 
move carrier and add a new split 
thrust ring (22) between axle outer 
carrier (28) and axle carrier flange 
(16). 

(15) Install axle inner carrier on opposite 
side and check freedom of rotation 
and end play. 

(16) Turn bearing lock (21, fig. 4-4) un- 
til it touches bearing cone and roll- 
ers. Tighten clamping bolt (20) and 
then loosen 11/2 turns. 

(17) Check bearing pre-load by wrapping 
a heavy cord around bull gear hub 
and pulling cord with a spring scale. 
Tighten bearing lock until 19 1/2 to 
25 pounds of rolling torque is ob- 
tained. 

(18) Install lock (17 fig. 4-4) to prevent 
movement of bearing lock. Tight- 
en screws and install lock wires. 
Tighten bearing lock clamp bolt and 
wire to bearing lock. 

(19) Press or drive bearing (11) on drive 
axle (12) with shielded side of bear- 
ing toward outer end of axle using 
a piece of pipe or similar sleeve to 
exert force only on the inner race of 
the bearing. 

(20) Install axles and secure with retain- 
ing rings (10). 

(21) Sprocket (6) and bolting plate (3) 
will be installed with tandem. 

4—1 4. InstallciHon 

a. Refer to paragraph 4-7 and install tan- 
dem assemblies, 

b. Refer to paragraph 3-16 and install 
transmission. Adjust spiral pinion shaft depth 
as described in paragraph 3-16d during in- 
stallation. 

c. With transmission shaft depth adjusted, 
the backlash between the pinion of the trans- 
mission shaft and the final drive bevel gear 
(30, fig. 4-4) can be checked and adjusted. 

(1) Install a dial indicator to a rear radial 

TYiftiT-oTnarif rxf Q-nivnl orpar Hrir- 
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(2) Estimate axial cha-nge required and 
move shims <27, fig. 4-4) as re- 
quired from under right hand bear- 
ing cage and install under left hand 
bearing cage. Recheck backlash 
and move shims as required until 
correct backlash is obtained. 

Note. Do not change total thickness of 
shims determined during bearing pre-load 
adjustment. Backlash adjustment is made 
by moving shims from one bearing cage to 
the other. 


(3) After backlash adjustment inst 
lockwashers on bearing cage sere 
and tighten screws to a torque rei 
ing of 275 foot pounds. 

(4) Install cover plate (7, fig. 4-4) a 
gasket (8) and closure cap (3) a 
gasket (4). 

d. Refer to pargraph 2-31 and install € 
gine. 

e. Refer to paragraph 2-30 and inst 
drive unit in frame. 



CHAPTER 5 

GEAR ASSEMBLY REPAIR INSTRUCTIONS 


Section 1. GENERAL 


5-1. General 

This chapter cantains repair instructions for 
the gear assemblies which power the mold- 
board, scarifier, and front lean wheel move- 
ments. 

5-2. Description 

a. The gear assemblies in this section con- 
sist of the following: 

(1) Moldboard lift gear assembly. 


(2) Scarifier lift gear assembly. 

(3) Circle reverse gear assembly ai 
transfer housing. 

(4) Lateral shift gear assembly. 

(5) Front lean wheel gear assembly. 

b. Gear assemblies covered in this secti( 
provide mechanical motion to lift and shi 
the moldboard, circle the moldboard, li 
the scarifier, and provide leaning action f 
the front wheels. 


Section II. MOLDBOARD LIFT GEAR ASSEMBLY 


5-3. General 

a. The moldboard is lifted and lowered by 
two gear assemblies, one on each side of the 
frame. A lift arm on each gear assembly is 
splined to the gear shaft and connected by a 
ball and socket to the moldboard lift link. 

h. The gear assemblies are similar and the 
repair procedures in this section apply to both 
gear assemblies. 

5-4. Removal 

Refer to paragraph 2-33 to remove the gear 
assemblies from the motor grader. 

Note, The gear assemblies can also be disassembled 
and repaired -without removing the assembly from the 
motor grader. 

5-5. Disassembly 

a. Disassemble the moldboard lift gear as- 
sembly in the numerical sequence as illus- 
trated in figure 5-1. 

b. Use care when pressing bushings from 


housings and thrust bearings and pressii 
gears from shafts. Do not damage comp 
nents, 

c. Discard all preformed packings and gs 
kets after removal. 

5-6. Cleaning 

a. Clean all parts in cleaninig compoun 
solvent (Spec. P-S-661) and dry thorough 
with compressed air. 

Warning: The solvent is highly inf la: 
mable. Do not use solvent near an open flan 

b. Remove all accumulated grease and di 
from gear assembly parts. 

5-7. Inspection and Repair 

a. Inspect all parts for wear and damaj 

b. Check parts against tolerances listed 
Table 1-1. Replace all parts not conforms 
to repair and replacement standards. 

c. Replace all worn or damaged parts. 
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1 Airm bolt (2) 

2 Nut, 7/8-9 (2) 

3 Washer, lock, 7/8 in. (4) 

4 Lift arm 

5 Screw, cap, hex-head, 1/2-13 X 1 3/8 (13) 

6 Washer, lock, 1/2 in. (13) 

7 Dowel pin (2) 

8 Bushing 

9 Housing cover 

10 Cover gasket 

11 Screw, cap, hex-head, 6/16-18 X 1 in. (4) 

12 Screw, cap, hex-head, 5/16-18 X 1 1/4 in. 

13 Screw, cap, hex-head, 6/16-18 X 1 1/4 in. 
1 A Wnohftr. lock. 6/16 in. (6) 


16 Gear cover 

16 Cover gasket 

17 Lubrication fitting (4) 

18 Nut, 8/4-10 

19 Setscrew 

20 Screw, cap, hex-head, 3/8-16 X 1 1/4 in. (4) 

21 Washer, lock, 3/8 in. (4) 

22 Bearing cap 

28 Thrust bearing 

24 Preformed packing 

25 Bushing 

26 Roll pin 

27 Screw, cap, hex-head, 3/8-16 1 1/8 in. (4) 

28 Washer, lock, 3/8 in. (4) 



30 Preformed packing 

31 Oil seal 

32 Spiral pinion 

33 Key, woodruff 

34 Pinion shaft 
36 Worm gear 

36 Key, square 

37 Nut (4) 

38 Pipe plug, 1/2-14 (8) 

39 Pipe plug, magrnetic, 1/2-14 (2) 

40 Bushing 

41 Retainihg ring 

42 Gear reduction housing 

43 Housing gasket 

44 Preformed packing 

45 Thrust bearing 

46 Key, square 

Figure 6- 


48 Key, woodruff (2) 

49 Worm shaft 

60 Screw, cap, hex-head, 6/8-11 X 1 8/4 in. (4) 

61 Washer, lock, 6/8 in. (4) 

62 Dowel pin 

63 Nut, 1-8 

64 Setscrew 

66 Preformed packing 

66 Bushing 

67 Thrust bearing 

68 Lift gear 

69 Lift gear shaft 

60 Bushing 

61 Stud (4) 

62 Lift gear housing 

63 Bracket (RH only) 

64 Cap 

-1 — Continued. 


5-8. Reassembly 

a. Reassemble moldboard lift gear assem- 
bly in reverse of numerical sequence as illus- 
trated in figure 5-1 and the following in- 
structions. 

b. Lubricate preformed packings and work- 
ing surfaces of shafts and bushings before in- 
stallation. Use shellac or gasket sea! on all 
gaskets. 

c. Press bushings in bore of thrust bearings 
and housings until bushings are flush with 
outside surfaces. 

d. Press lift shaft (69) into bore of lift 
gear (58) with long hub of gear facing end 
of shaft as shown in figure 5-2. Hub of gear 
must be 2 1/8 inches from end of shaft, 

e. Install two woodruff keys (48) in worm 
shaft (49) and press shaft into bore of worm 
gear (47) until shaft extends 2 1/32 inch from 
face of worm gear. 

/. Install four studs (61) in tapped holes 
in lift gear housing (62) with a stud driver. 
Torque studs to torque reading of 100 to 
110 foot pounds. 

g. When installing gear reduction housing 
(42) on lift gear housing, torque four nuts 
(37) to a torque reading of 135 to 145 foot 
pounds. 

h. Install woodruff key (33) in pinion 
shaft (34) and press shaft into bore of spiral 
pinion (32) until shaft extends 2 1/32 inch 
from face of pinion. 



Figure 5—2. Installing lift gear on lift gear shaft. 

i. After installing bearing cap (29) on re- 
duction gear housing, use a piece of shim 
stock over shaft as shown in figure 5-3 and 
install oil seal (31) in bearing cap. The lip 
of the oil seal must be facing toward the in- 
side of the housing. Press seal into bore of 
bearing cap, using a suitable tool. 

j. After installation, adjust main thmst 
bearing by tightening setscrew (64) until a 
drag is felt when worm shaft is rotated. Loos- 
en setscrew slightly until drag is eliminated. 


5-3 
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Figure 5-3. Installing oil seal in bearing cap. 


Hold setscrew and tighten locking nut (53) 
hold adjustment. 

k. Adjust thrust bearing in gear reducti 
housing in the same manner. 

l. InstaHl two pilots in holes in lift g( 
housing (62) and install cover gasket (1 
and cover (9) on housing. Tap cover w 
leather mallet to seat dowl pins in housii 
Remove pilots. 

m. Install lift arm (4) on splines of sha 
To spread opening in arm, drive a cold chi 
in slot. Aline splines in arm with splines 
shaft and install arm. Use a mallet to i 
arm on shaft until arm is even with chami 
on shaft. 

n. Remove chisel from slot and secure a: 
to shaft with arm bolts (1), nuts (2), a 
lockwashers (3). Install bolts with heads 
bolts toward main frame. 

Hote. The above instructions apply to the right hi 
moldboard lift gear assembly. The same instructi 
apply for the left hand gear assembly with two exc 
tions. Install lift worm shaft (60) into main houa 
from the right hand side. 

5-9. Installation 

Refer to paragraph 2-33 and install me 
board lift assembly on motor grader. 


Section III. SCARIFIER LIFT GEAR ASSEMBLY 


5-10. General 

a. The scatrifier is mounted forward of the 
moldboard on the main frame. Motion to 
raise and lower the scarifier is provided by a 
gear assembly mounted above the scarifier. 

b. The scarifier gear assembly is similar to 
the moldboard lift gear assemblies. As the 
scarifier does not require tilting or shifting, 
one gear assembly is used. Two lift arms, 
driven by the gear assembly shaft, are attached 
by ball and sockets to the scarifier lift links. 

c. Because of the nature of the scarifier op- 


5-1 1 . Removal 

Refer to paragraph 2-34 and remove sci 
fier lift gear assembly from the unit. 

5-12. Disassembly 

a. Disassemble the lift gear assembly 
the numerical sequence as illustrated in i 
ure 5-4. 

h. Use care when pressing bushings fr 
housings and thrust bearings and press 
shafts from gears. Do not damage com 
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5-13. Cleaning 

a. Clean a;ll parts in clean'ing* compound, sol- 
vent (Spec. P-S-661) and dry thoroughly with 
compressed air. . 

Warning: The solvent is highly inflam- 
mable. Do not use solvent near an open flame. 

h. Remove all accumulated grease and diit 
from gear assembly parts. 

5-14. Inspection and Repair 

a. Inspect all parts for wear and damage. 

b. Check parts against tolerances listed in 
Table 1-1. Replace all parts not conforming 
to repair and replacement standards. 

c. Replace all worn or damaged parts. 

5-15. Reassembly 

a. Reassemble scarifier lift gear assembly 
in reverse of numerical sequence as illustrated 
rn figure 5-4 and the following instructions. 

b. Lubricate preformed packings and work- 
ing surfaces of shafts and bushings before in- 
stallation. Use shellac or gasket seal on all 
gaskets. 

c. Press bushing (53) into bore in gear 
housing (55), from inside of housing, until 
bushing is flush with bottom of chamfer. 

d. Install four studs (51) in housing and 
torque-tighten studs to 100 to 110 foot 
pounds. 

e. Heat lift gear (50) in oil to approxi- 
mately 350 °F. Support gear in a press, aline 
splines cm shaft with splines in gear and press 
shaft into gear until the face of the short hub 
of the gear is 9.068 inches from the end of 
the shaft as shown in figure 5-5. 

/. When installing bearing cap (42), dowel 
pin in cap must enter hole in thrust bearing 
(48). Hole in bearing must be centered at top. 


g. Install two keys (29) in worm shaft 
(39) and press worn gear (38) on shaft until 
face of worm is 3-347 inches from short end of 
shaft as shown in figure 5-6. 

h. Press bushing (33) into reduction gear 
housing (32) until edge of bushing is flush 
with bottom of chamfer. 

i. Install reduction gear housing and secure 
with four nuts (31). Torque-tighten nuts to 
135 to 145 foot pounds. 

j. Adjust worm thrust bearing by tighten- 
ing setscrew (44) until a drag is felt when 
rotating shaft. Loosen setscrew until drag is 
eliminated. Hold setscrew and tighten lock- 
ing nut (43) to hold adjustment. 

k. Press bushings (25 and 26) into reduc- 
tion housing until edge of bushings are flush 
with bottom of chamfer. 

I After installation of covers (16 and 23), 
install oil seals (17, 24, and 53) over shafts 
and into covers and housings. Insert a thin 
piece of shim stock around shaft and slide seal 
over shim stock and shaft into housing, with 
lip of seal toward inside of housing. Remove 
shim stock and press seal into housing, us- 
ing a suitable tool. 

m. When installing two lift arms (4) on 
shaft, spread slot in arm with a chisel. Slide 
arms on splines of shaft and tap arms until 
they are 1/8 inch from hubs of housing and 
cover. 

Note. Arms must be mated with splines on shaft to 
bring balls on ends of arms within 1/8 inch of aline- 
ment with shaft both in parallel and in plane. 

n. Remove chisel from arm and secure arms 
to shaft with two arm bolts (!•), four lock- 
washers (3), and two nuts (2).. 

5-16. Installation 

Refer to paragraph 2-34 and install the 
scarifier lift gear assembly on the motor 
grader. 
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1 Arm bolt (2) 

2 Nut, 7/8-9 (2) 

8 Wa^er, lock, 7/8 in. (4) 

4 Lift arm (2) 

6 Nut, 1 1/4-12 

6 Wa^er, lock, 1 1/4 

7 Mounting bolt 

8 L. H. mounting plate 

9 B. H. mounting plate 

10 Pip© plug, magnetic (2) 

11 Pipe plug, 1/2 in. (2) 

12 Pipe plug, vented 

13 Pipe plug, 1/8 in. 

14 Screw, cap, hex-head, 1/2-13 X 1 1/2 in. (13) 
16 Washer, l<x^, 1/2 in, (18) 

16 Housing cover 

17 Oil seal 

18 Bushing 

19 Cover gasket 


20 Key, woodruff 

21 Screw, cap, hex-head, 1/2-13 X 2 1/2 in. (4) 

22 Washer, lock, 1/2 in. (4) 

23 Keduction housing cover 

24 Oil seal 

25 Bushing 

26 Bushing 

27 Pinion shaft 

28 Reduction gear 

29 Key, woodruff (3) 

30 Cover gasket 

31 Nut (4) 

32 Reduction gear housing 

33 Bushing 

34 Preformed packing 

35 Housing gasket (2) 

36 Thrust bearing 

37 Preformed packing 


Figure 5~4> Scarifier lift gear assembly, exploded view. 
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Figure 5-6. Jnetalling lift gear on shaft. 


5-7 
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Figure 5-6. Installing worm gear on shxhft. 

Section iV. CIRCLE REVERSE MECHANISM 


5-17. General 

a. The moldboard of the motor grader is 
mounted on arms of the moldboard circle. 
The two moldboard lift links are attached to 
the drawbar above the circle. To fully bivot 
the moldboard, a gear assembly, mounted on 
the left side of the drawbar, drives the cir- 
cle. 

h. The circle is suspended from the draw- 
bar at three points. The points have adjusting 
and wear plates. When rotating, the circle 
rides on the wear plates. The lower part of 
the circle is a large ring gear. In mesh with 
this ring gear is a drive gear attached to the 
shaft of the circle reverse gear assembly. 
When the gear assembly is driven by the 
control shaft, through the transfer housing, 
the circle rotates around the drive gear. 


c. As the circle rotates, the moldboard ro^ 
tates to the position desired by the operator. 
When the proper moldboard lift gear assem- 
bly is actuated the circle will lift or lower the 
blade. The front end of the drawbar pivots 
in a ball and socket at the front end of the 
frame, allowing the circle to be raised to the 
angle required by the operator. 

5—18. Removal 

Refer to paragraph 2-35 to remove the cir- 
cle reverse mechanism from the motor grader. 
The transfer housing and circle rey^rse gear 
assembly are separated when repfioved from 
the grader. 

5-19. Disassembly 

a. Transfer Housing. The transfer hous- 
ing is connected to the control shaft and trans- 
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fers the motion from the control shaft back 
to the circle reverse gear assembly. 

(1) Disassemble the transfer housing in 
the numerical sequence as illustrated 
on figure 5-7. 

(2) Drive dowel pins (15) from hous- 
ing and cover before attempting to 
remove housing cover (17). 

(3) When removing housing cover (17), 
move cover down at an angle from 
housing to disengage from upper 
transfer gear. 

b. Circle Reverse Gear Assembly. The cir- 
cle reverse gear assembly worm gear is 
driven by the coupling shaft from the trans- 
fer housing. Rotation of the worm gear 
drives the large worm gear splined to the 
shaft of the drive gear. As the drive gear ro- 
tates it drives the moldboard circle. 

(1) Disassemble the circle reverse gear 
assembly in the numerical sequence 
illustrated on figure 5-8. 

(2) Use care when removing bushings 
from housing, cover and thrust 
bearing. Do not damage compo- 
nents. 

(3) Discard all gaskets and preformed 
packing after removal. 

5-20. Cleaning 

a. Clean all parts in cleaning compound, 
solvent (Spec. P-S-661) and dry thoroughly 
with compressed air. 

Warning: The solvent is highly inflam- 
mable. Do not use near an open flame. 

b, Rembve all accumulated grease and dirt 
from transfer housing and gear assembly 
parts. 

5-21. Inspection and Repair 

a. Inspect all parts for wear and damage. 

b. Check parts against tolerances listed in 
Table 1-1. Replace all parts not conforming 
to repair and replacement standards. 

c. Check backlash of gears in transfer 
housing, during assembly, against tolerances 
specified in repair and rebuild standards. 

d. Inspect drive gear (21) for any damage 
to welds holding teeth to plates. 


e. Replace all worn or damaged parts. 

5-22. Reassembly 

a. Preparation. Lubricate preformed pad 
ings and working surfaces of shafts and bus! 
ings before installation. Use shellac or gask( 
seal on all gaskets. 

b. Circle Reverse Gear Assembly. Reassen 
ble the circle reverse gear assembly in revers 
of numerical sequence as illustrated on figui 
5-8 and the following instructions. 

(1) Press bushings into shoulder busl 
ing (22), thrust bearing (15), houi 
ing (31) and cover (3) until busl 
ings are flush with bottom of chan 
fer. 

(2) Press worm gear (16) on shaft ov€ 
keys until face of worm gear is 
13/32 inches from long end c 
shaft. 

(3) Install oil seal (24) in housing afte 
installation of worm gear and shai 
(18). Use a thin piece of shim stoc 
to slide oil seal over splines an 
shaft. The lip of the oil seal mu£ 
be toward inside of housing. 

(4) After installation of bearing ca 
(11), adjust thrust bearing by tighi 
ening setscrew (10) until a drag i 
felt when shaft is rotated. Loose 
setscrew until drag is eliminatec 
Hold setscrew in position and tighi 
en nut (9) to hold adjustment. 

c. Transfer Hotising. Reassemble the trans 
fer housing in reverse of numerical sequenc 
as illustrated on figure 6-7 and the followin 
instructions. 

(1) Press bushings into transfer hous 
ing (20), housing cover (17), an 
gear cover (9) until bushings ar 
flush with bottom of chamfer. 

(2) Install housing cover on housin 
and install screws (16) and loch 
washers (8). Do not tighten screws 
Install two dowel pins (16) in cove 
and housing. Tighten screws secure 

ly- 

(3) After installing gear cover (9), ir 
stall oil seals (11), with lips towar 
inside of housing, over shafts. Use 
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L Pipe plug, 1/2 in. (2) 

I Pipe plug, magnetic 
i Pin, cotter, 1/8 X 3/4 in. (2) 

1 Pin, drilled (2) 

! Coupling (2) 

! Coupling shaft 

' Screw, cap, hex-head, 3/8-16 X 1 in. (6) 
( Washer, lock (12) 

' Gear cover 
' Cover gasket 


11 Oil seal (2) 

12 Bushing (4) 

13 Transfer gear 

14 Key, woodruff 

15 Dowel pins (2) 

16 Screw, cap, hex-head, 3/8-16 X 1 3/8 (2) 
IV Housing cover 

18 Cover gasket 

19 Upper transfer gear 

20 Transfer housing 


Fiffure 5-7. Circle reverse transfer housing, exploded view. 


piece of shim stock to slide seals over 
shafts. Press seals into housing' and 
gear cover. 


5—23. InstallaHon 

Refer to paragraph 2-35 and install the cir- 
cle reverse mechanism on the motor grader. 
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1 

Screw, cap, hex-head, 1/2-13 X 1 1/4 in. (7) 

17 

Key, woodruff (2) 

2 

Washer, lock, 1/2 in. (7) 

18 

Gear shaft 

8 

Gear assembly cover 

19 

Worm gear 

4 

Cover gasket 

20 

Preformed packing 

5 

Preformed packing 

21 

Drive gear 

6 

Bushing 

22 

Shoulder bushing 

7 

Screw, cap, hex-head, 6/8-11 X 1 3/4 in. (4) 

23 

Dowel pin 

8 

Washer, lock, 6/8 in. (4) 

24 

Oil seal 

9 

Nut 

26 

Bushing 

10 

Setscrew 

26 

Oil seal 

11 

Bearing cap 

27 

Bushing 

12 

Dowel pin 

28 

Pipe plug, 1/2 in. 

13 

Preformed packing 

29 

Pipe plug, magnetic 

14 

Bushing 

30 

Lubrication fitting 

16 

Thrust bearing 

31 

Gear housing 

16 

Worm gear 

32 

Relief valve 


Figure 5-8 — Continued. 


Section V. LATERAL SHIFT GEAR ASSEMBLY 


5-24. General 

a. Lateral shift of the moldboard is accom- 
plished with the lateral shift gear assembly. 
The gear assembly is mounted under the main 
frame just forward of the power control box. 

b. The shift arm is connected to the lateral 
shift link by a ball and socket. The shift link 
extends to the lateral shift arm mounted on 
the moldboard circle. By connecting the shift 
arm to either side of the circle, the operator 
can extend the moldboard shift as needed. 

c. Operating the lateral shift in conjunction 
with the moldboard lifts makes possible the 
angling of the blade up to 90° from the hori- 
zontal. The gear assembly is driven by a con- 
trol shaft extending from the power control 
box. 

5-25. Removal 

Refer to paragraph 2-36 and remove the 
lateral shift gear assembly from the motor 
grader. 

5-26. Disassembly 

a. Disassemble the lateral shift gear assem- 
bly in the numerical sequence as illustrated on 
figure 5-9 and the following instructions. 

b. Use care when removing bushings from 
thrust bearings, housing, and housing cover. 
Do not damage components. 


c. After removing thrust cap (44), use 
soft driver and hammer to drive gear sh 
(48) from worm gear (49). Support gear 
prevent it falling when shaft is removed. 1 
tate shaft while driving out. 

d. Discard all gaskets and preformed pa 
ings after removal. 

5—27. Cleaning 

a. Clean all parts in cleaning compou; 
solvent (Spec. P-S-661) and dry thorough 
with compressed air. 

Warning: The solvent is highly infh 
mable. Do not use near an open flame. 

b. Remove all accumulated dirt and gre 

from gear assembly parts. / 

5-28. Inspection and Repair 

а. Inspect all parts for wear and damag 

б. Check parts against tolerances listed 
Table 1-1. Replace all parts not conform 
to repair and rebuild standards. 

c. Replace all worn or damaged parts. 

5-29. Reassembly 

a. Lubricate preformed packings and wo 
ing surfaces of shafts and bushings before 
stallatlon. Use shellac or gasket seal on 
gaskets. 


a 
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L Key, woodruff 
! Nut, 7/8-9 (2) 
t Shift arm bolt (2) 

I: Washer, lock, 7/8 in. (4) 

> Shift arm 

i Screw cap hex-head, 3/8-16 X 1 1/8 in. (4) 
Washer, lock, 3/8 in. (4) 
t Bearing cap 
’ Oil seal 

Preformed packing 
Small worm gear 
Key, Woodruff 
Worm gear shaft 

Screw, cap, hex-head, 3/8-16 X 1 1/4 in. (4) 
Washer, lock, 3/8 in. (4) 

Nut 

Setscrew 
Bearing cap 
Dowel pin 
Thrust bearing 
Preformed packing 
Bushing 

Pipe plug, magnetic 
Screw, cap, tapered 

Screw, cap, hex-head, 1/2-13 X 1 3/4 in. (4) 
Screw, cap, hex-head, 1/2-13 X 1 3/8 in. (12) 


27 Washer, lock, 1/2 in. (16) 

28 Bearing bracket 

29 Housing cover 

30 Expansion plug 

31 Bushing 

32 Cover gasket 

33 Screw, cap, hex-head, 6/8-11 X 1 3/4 in. (4) 

34 Washer, lock, 5/8 in. (4) 

86 Nut 

36 Setscrew 

37 Bearing cap 

38 Dowel pin 

39 Thrust bearing 

40 Pi^ormed packing 

41 Bushing 

42 Nut, 3/8-24 (4) 

43 Washer, lock, 3/8 in. (4) 

44 Thrust cap 

45 Preformed packing 

46 Large worm gear 

47 Key, woodruff (2) 

48 Gear shaft 

49 Worm gear 

60 Thrust bearing 

61 Dowel pin 
52 Drive gear 


Figure 5—9. Lateral shift gea/r <issembly, exploded rview. 
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53 Gear shaft 
64 Oil seal 
55 Bushing 
66 Dowel pin (2) 


67 Stud (4) 

68 Pipe plug, 1/2 in. 

69 Pipe plug, vented 
60 Gear housing 

Figure 5-9 — Continued. 


6, Reassemble the lateral shift gear assem- 
bly in reverse of the numerical sequence as il- 
lustrated on figure 5-9 and the following in- 
structions. 

c. Press bushing (55) into bore of housing 
until edge of bushing is flush with the bot- 
tom of the bore. 

d. Install four studs (57) in the housing 
and torque studs to 25 to 36 foot pounds. 

e. Heat drive gear (52) in oil to approxi- 
mately 350°F. Press gear shaft (53) into 
gear until shaft extends 1 3/4 inches from 
long hub of gear as shown in figure 5-10. 

/. Install two keys (47) in gear shaft (48) 
and press shaft into worm gear (46) until 
shaft extends 2 1/32 inch from face of gear. 

g. Install thrust bearing (50) in housing, 
with dowel pin entering hole in housing. In- 
stall worm gear (46) and shaft through thrust 
bearing. Install worm gear (49) up in slot 
in housing, with long hub of gear towards 
shaft. Aline splines in gear with splines on 
shaft. 

h. Place a block of wood behind worm gear 
as shown in figure 5-11, Using a soft driver 
and hammer, drive gear on -splines of shaft 
until shaft is flush with face of outer gear 
hub. 

Note. Thrust bearing must stay on dowel pin while 
driving gear on shaft. 

L After installing bearing cap (37), adjust 
large worm gear thrust bearing by tightening 
setscrew (36) until a drag is felt when the 
shaft is rotated. Loosen setscrew until drag is 
eliminated. Hold setscrew and tighten nut 
(35) to hold adjustment. 

j. When installing housing cover (29), in- 
stall two screws (25) in the two holes imme- 
diately adjacent to the rounded area below 
bearing cap mounting surface for bearing cap 
(18). Install the taper head screw (24) in 
cover and torque screw to 60 foot pounds. In- 
stall two remaining screws (25) when attach- 
ing bearing bracket (28). 

k. Install key (12) in gear shaft (13) and 
press shaft into worm gear (11) until end of 



Figure 5-10. Installing drive gear on gear shaft. 

l. Install oil seals (9 and 54), with lip o: 
seal toward inside of housing, after installa 
tion of gear shafts. Place a piece of shim stocl 
around shaft and slide oil seal over shaft an< 
into housing. Press oil seals into bore of hous 
ing and bearing cap, using a suitable tool. 

m. After installation of oil seal, adjust smal 
worm gear thrust bearing by tightening set 
screw (17) until a drag is felt when shaft ii 
rotated. Loosen setscrew until drag is elimi 
nated. Hold setscrew and tighten nut (16) t 
hold adjustment. 

n. To install lateral shift arm (5), driv 
a chisel or wedge into slot in arm to expan i 
bore. Aline splines in arm with splines o] 
shaft to allow arm to extend down from hous 
ing. Slide arm on shaft. Leave a minimun 
clearance of 1/32 inch between arm and hous 
ing and secure arm to housing with two arr 
bolts (3), four lockwashers (4) and nuts (2) 

5-30. Installation 

Refer to paragraph 2-36 and install latera 


( 1 ^ 3 — 



Figure 5-11. Installing worm gear and shaft. 

Section VI, FRONT LEAN WHEEL GEAR ASSEMBLY 


5-31. General 

a. The nature of the work performed by the 
motor grader in grading with an angled mold- 
board blade tends to pull or drift the grader 
to one side or the other while in operation. To 
counteract this side torque, a gear assembly 
and vibrating bar attached to the front axle 
will tilt or lean the front wheels away from 
the side shift and help to maintain a straight 
line of travel. 

h. The front wheel lean gear assembly is 
hiounted on the front axle at the right side of 
the frame. The leaning gear pinion engages 
a gear rack attached to the vibrating bar. The 
vibrating bar is connected to the top of the 
wheel spindles. Rotation of the lean gear 
moves the rack in an arc, moving the vibrat- 


ing bar. When the bar moves the wheels h 
in the direction desired. 

5—32. Removal 

Refer to paragraph 2-37 and remove 
front lean wheel gear assembly from the i 
tor grader. 

5-33. Disassembly 

a. Disassemble the front lean wheel g 
assembly in the numerical sequence as ill 
trated on figure 5-12 and the following 
structions. 

b. If not marked, mark drive gear (24) i 
pinion (25) with a punch to provide pro 
alinement during assembly. Place pu 


5-16 
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screws in the holes of drive gear. Attltach a 
suitable puller to the screws and pull gear 
from shaft of pinion. 

c. Use care when pressing bushings from 
cover, housing, and thrust bearing. Do not 
damage components. 

d. Discard all preformed packings and 
gaskets after removal. 

5-34. Cleaning 

a. Clean all parts in cleaning compound, 
solvent (Spec. P-S-661) and dry thoroughly 
with compressed air. 

Warning: The solvent is highly inflam- 
mable. Do not use solvent near an open flame. 

h. Clean all accumulated grease and dirt 
from gear assembly parts. 

5-35. Inspection and Repair 

a. Inspect all parts for wear and damage. 

h. Check all parts against tolerance listed 
in Table 1-1. Replace all parts not conform- 
ing to repair and replacement standards. 

c. Replace all worn or damaged parts. 

5-36. Reassembly 

a. Reassemble the front lean wheel gear as- 
sembly in reverse of the numerical sequence 
as illustrated on figure 6-12 and the follow- 
ing instructions. 

h. Lubricate all preformed packings and 
working surfaces of shafts and bushings be- 


fore installation. Use shellac or gasket seal o 
all gaskets. 

G. Press bushing (39) into housing (40 
until end of bushing is flush with inside c 
housing. Press oil seal (38) and grease sei 
(37), with lips of seals toward inside of hous 
ing, into bore to seat behind bushing. 

d. Press bushing (36) into housing unt 
end of bushing is flush with bottom of chan 
fer. 

e. After installing support (30) and vibrai 
ing link (29), install lean gear pinion (26 
into housing. Set housing on a suitable suj 
port, aline punch mark on drive gear (24 
With mark on shaft and press drive gear o 
shaft until gear meets shoulder. 

/. Press worm gear (18) on shaft (20) ove 
key (19) until end of shaft extends 1 3/ 
inches from face of worm. 

g. After installing worm gear and shaft, ir 
stall oil seal (35) and grease seal (34) i 
housing around shaft, with lips of seals t( 
wards inside of housing. Use a strip of shii 
stock around shaft to slide seal into pos 
tion. 

5-37. Installation 

Refer to paragraph 2-37 and install th 
front lean wheel gear assembly on the mote 
grader. 
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1 Pipe plug, 1/2 in. 

2 Screw, cap, hex-head, 3/8-16 X 1 1/8 in. (6) 

3 Washer, lock, 3/8 in. (6) 

4 Housing cover 

6 Preformed packing 

6 Bushing 

7 Key, woodruff 

8 Felt seal 

9 Nut, 6/&-11 (4) 

10 Washer, lock, 6/8 in. (4) 

■1 Nut 

.2 Setscrew 
.3 Bearing cap 
.4 Dowel pin 
.5 Thrust bearing 
.6 Preformed packing 
.7 Bushing 

8 Worm gear 

9 Key, woodruff 
0 Gear shaft 
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21 Thrust bearing 

22 Spring pin 

23 Retaining ring 

24 Drive gear 

26 Lean gear pinion 

26 Shoulder bolt 

27 Lock nut 

28 Lubrication fitting 

29 Vibrating link 

30 Housing support 
81 Pipe plug, vented 

32 Pipe plug, magnetic 

33 Stud 

34 Grease seal 
36 Oil s^l 

36 Bushing 

37 Grease seal 

38 Oil seal 

39 Bushing 

40 Gear housing 

gear assembly, exploded view. 


Figure 5-19,. Front lean wheel 
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CHAPTER 6 

POWER CONTROL BOX AND VERTICAL DRIVE 
HOUSING REPAIR INSTRUCTIONS 


6-1. General 

а. Power for moldboard lift and lateral 
shift gear assemblies, scarifier lift gear as- 
sembly, circle reverse mechanism, and front 
lean wheel gear assembly is supplied 
through the power control box. The power 
control box drives the control shafts leading 
to each gear assembly. 

б. Drive for the power control box is sup- 
plied through the vertical drive housing. 
Whenever the engine is operating, the vertical 
drive housing is driven by a propeller shaft 
directly coupled to the engine flywheel. This 
shaft extends throiugh the clutch and the up- 
per transmissiion shaft, which is hollow. The 
propeller shaft is coupled to the drive shaft 
of the vertical drive housing by a coupling 
containing a shear bolt. Too great a load 
placed on the gear assemblies, power control 
box, or vertical drive Jj^pusing will break the 
bolt and halt operation of the unit before any 
damage can be done to the operating parts. 

c. A vertical shaft and bevel pinion in the 
vertical drive housing drives the power con- 
trol box. Gears in the control box are driven 
whenever the engine is operating. Shift le- 
vers, connected to clutches, shift the motions. 
When the levers are shifted the clutches en- 
gage the drive gears and rotate the control 
shafts and through the shafts, the gear assem- 
blies. 

d. The shaft of the vertical drive housing 
extends out of the front of the housing and 
is splined to a pump drive gear. An adapter 
mounted on the drive housing, houses the 
drive gears for the steering and moldboard 
power shaft hydraulic pumps. The pumps are 
always oneratine- when the ene'ine is oneratinsr 


to supply hydraulic pressure to steer the grad 
er and shift the moldboard. 

6—2. Vertical Drive Housing 

a. Removal. Refer to paragraph 2-38 an< 
remove the vertical drive housing and powei 
control box from the motor grader. 

b. Disassembly. 

(1) Remove drain plug (1, fig. 6-1) am 
drain lubricant from vertical driw 
housing. 

(2) Remove six screws (2) and lockwash 
ers (3) and remove vertical drivi 
housing from power control box 
Remove and check thickness anc 
number of shims (4). 

(3) Disassemble vertical drive housinj 
in the numerical sequence as illus 
trated on figure 6-1. 

(4) Do not remove bearing races (excep 
bearing race (16)) unless races re 
quire replacement. 

(5) Check amount and thickness of al 
shims when they are removed to in 
stall required number at reassembly 

(6) Discard all gaskets and preforme( 
packings after removal. 

c. Cleaning. 

(1) Clean all metal parts in cleaninj 
compound, solvent (Spec. P-S-661] 
and dry thoroughly with compressec 
air. 

Warning: The solvent is highly 
flammable. Do not use solvent nea: 
an onen flame. 
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Figure 6—1. Vertical drive housing, exploded view. 
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1 Pipe plug, magnetic 21 

2 Screw, cap, hex-head, 3/8-16 X 1 1/4 in. (6) 22 

3 Washer, lock, 3/8 in. (6) 23 

4 Shimsi (O.OlO, 0.005 thick) 24 

6 Screw, cap, hex-head, 3/8-16 X 1 in. (0) 25 

6 Washer, lock, 3/8 in. (6) 26 

7 Cover plate 27 

8 Plate gasket 28 

9 Screw, cap, hex-head, 5/16 — 18 X 1 1/4 in. (4) 29 

10 Washer, lock, 5/16 in. (4) 

11 Seal cap 

12 Preformed packing 

13 Oil seal 


14 Shims (0.006, 0.007, 0.0020 thick) 
16 Breather 

16 Bearing race 

17 Roller bearing 

18 Bevel pinion 

19 Key, woodruff 

20 Roller bearing 


Drive shaft 

Pin, cotter, 6/32 X 2 in. 
Lock nut 
Bevel gear 
Key, woodruff 
Laminated shim (2) 
Lower roller bearing 
Upper roller bearing 
Vertical drive shaft 

30 Preformed packing 

31 Upper bearing race 

32 Oil seal 

33 Lower bearing race 

34 Bearing spacer 

35 Shim 

36 Bearing cone 

37 Pipe plug (3) 

38 Stud (2) 

39 Vertical drive housing 
Figure 6~1 — Continued. 


(2) Clean all accumulated grease and dirt 
from vertical drive housing parts. 

d. Inspection and Repair. 

(1) Inspect all parts for wear and dam- 
age. 

(2) Check all parts against tolerances 
listed in Table 1-1. Replace all parts, 
not conforming to repair and re- 
placement standards. 

(3) Replace all worn or damaged parts. 

e. Reassembly. 

(1) Reassemble the vertical drive hous- 
ing in reverse of numerical sequence 
as illustrated on figure 6-1 and the 
following instructions. 

(2) Lubricate preformed packings before 
installation. Use shellac or gasket 
seal on all gaskets. 

(3) Install upper and lower bearing 
races (31 and 33) in vertical drive 
housing with small end of taper to- 
wards inside of housing. Install oil 
seal (32) ahead of race with lip of 
seal toward top of housing. 

(4) Lubricate roller bearings (17, 20, 27 
and 28) with a good light grade of 
machine oil before installing. 

(5) Press upper roller bearing (28) on 
vertical drive shaft (29), large di- 
ameter first, until bearing is seated 
against shoulder below bevel gear 


(6) Install vertical drive shaft through 
seal in top of housing, using care so 
as not to damage seal. Use a piece 
of shim stock wrapped around shaft 
to protect seal when starting shaft 
through seal. Remove shim stock. 

(7) After installing vertical drive shaft, 
install lower roller bearing (27) over 
shaft and into race, pressing bearing 
in with a suitable tool. 

(8) Install shims (26) bevel gear (24) 
and key (25) on drive shaft. Tighten 
locknut (23) securely on shaft. Back 
nut off one slot or enough to aline 
slot with hole . in shaft and install 
cotter pin (22). 

(9) Using a block of wood or soft driver, 
tap the lower end of shaft sharply to 
pre-load the bearings. Bearing pre- 
load is 4 to 8 inch pounds. 

(10) Install key (19) in shaft (21) and 
install bevel gear (18) on shaft. 
Drive bevel gear on shaft until seated 
firmly against shoulder. 

(11) Install roller bearings (17 and 20) 
on shaft, with small diameter of 
bearings facing ends of shaft. Drive 
bearings on shaft until seated firmly 
against shoulders. 

(12) Install shaft, with bearings and gear, 
into housinsT as shown in fis'ure 6- 
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run flush at toe end of gears. Install 
bearing race (16) in bore and drive 
in place with a soft hammer. 



Figure 6~2. Installing drive shaft. 

(13) Press oil seal (13) into seal cap, with 
lip of seal towards inside of vertical 
drive housing. Wrap a piece of thin 
shim stock over splines of drive shaft 
and slide seal cap and shims (14) on 
housing. Remove shim stock. Tight- 
en screws (9) securely. 

(14) Install pump adapter (fig. 2-17) 
and shims on vertical drive hous- 
ing without gasket. Tighten screws 
securely. 

(15) Check pre-load of bearings with a 
torque wrench as shown in figure 6-3. 
Install a suitable adapter on splines 
of drive shaft extending from seal 
cap to connect torque wrench. Pre- 
load bearings to 4 to 8 inch pounds. 

(16) To obtain correct reading, remove or 
add shims under seal cap. If nec- 
essary, remove or add shims from 
under pump adapter to obtain cor- 
rect reading. 

Note. When removing or adding shims as 
above, make certain bevel pinion and bevel 
gear remain flush at toe ends of gears. 

(17) Use a dial indicator to check back- 
lash between gears. Backlash should 
be 0.004 to 0.012 inches. Measure 
backlash at, t.icrhtp.<st nnint P.pmnvp 



Figure 6~3. Pre-load bearings. 

(18) Clean both gears to remove all oil. 
Spread a marker type of dye, such 
as Prussian blue, on the working 
surface of the gear teeth. Rotate the 
gears several revolutions in the for- 
ward speed direction. Inspect gear 
teeth for contact patterns. Refer to 
figure 6-4 for correct tooth patterns 
and adjustment 

(19) After setting bearing pre-load, pinion 
depth, backlash, and tooth contact, 
remove pump adapter. 

Note. Attach correct amount of shims to 
pump adapter for installation with adapter 
after vertical drive housing has been in- 
stalled in motor grader. 

/. Installcbtion. 

(1) Install vertical drive housing on 
power control box with gear on ver- 
tical drive shaft (29) engaging bev- 
el gears in power control box. In- 
stall same amount of shims (4) be- 
tween drive housing and power con- 

trnl bnv as werp r>rpRPr>t. whpn vprti- 
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TO CORRECT THIS PATTERN, REMOVE 
SHIMS FROM UNDER SEAL CAP AND 
ADD UNDER PUMP ADAPTER, 


TO CORRECT THIS PATTERN, 
REMOVE SHIMS FROM UNDER 
PUMP ADAPTER AND ADD UNDER 
SEAL CAP. 


NOTE: MOVE SHIMS AS NECESSARY 
TO OBTAIN TOOTH PATTERN 
SHOWN ABOVE. 

MEC 3805-237-35/6-4 


Figure 6-4. Gear teeth contact patterns. 


(2) Shims should give correct distance 
between gear on vertical drive shaft 
and shaft of bevel gears in power 
control box. 

Note. Refer to assembly of power control 
box (para 6-3) to adjust backlash between 
gears. 

6-3. Power Control Box 

a. Removal. 

(1) Refer to paragraph 2-38 and remove 
power control box and vertical drive 
housing from motor grader. 

(2) Refer to paragraph 6-2 and remove 
vertical drive housing from power 
control box. 


h. Disassembly. 

(1) Remove drain plug (35, fig. 6-6 
and drain lubricant from power coi 
trol box. 

(2) Remove and disassemble power coi 
trol box cover and clutch assembli< 
in numerical sequence as ilustrate 
on figure 6-6. 

Note. Remove 12 screws (1, fig. 6-6) ar 
lockwashers (2) and remove six shift lcv( 
assemblies and twelve shims (3 and 4 
before removing power control box cov< 
(22, fig. 6-5). 

(3) Disassemble remainder of power cor 
trol box in numerical sequence as i 
lustrated on fierure 6-6. 
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1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 


Screw, cap, hex-head, 6/16 X 1 1/2 in. (6) 
Washer, lock, 6/16 in. (8) 

Upper strap (2) 

Screw, cap, hex-head, 6/16-18 X 1 1/2 in. (8) 
Washer, lock, 6/16 in. (8) 

Lower strap (2) 

Locking bar (2) 

Screw, cap, hex-head, 8/8-16 X 1 3/8 in. (4) 
Washer, lock, 8/8 in. (4) 

Nut, lock (6) 

Compressor spring (6) 

Bolt carriage, 5/16-18 X 2 1/2 in. (6) 

Anchor plate (2) 

Brake band and lining (6) 

Brake drum (6) 

Setwrew, socket-head, cup point, 3/8-16 X 5/8 

Set^rew, socket-head, cone point, 8/8-16 X 3/4 

^ew, ca.p, hex-head, 8/8-16 X 1 In. (14) 
Washer, lock, 8/8 in. (14) 

Dowel pdn (2) 


Figure 6S. Power \c<mtn 


21 Oil seal (6) 

22 Power box cover 
28 Cover gasket 

24 Pin, cotter, 3/16X1 1/4 in. 
26 Compression spring (6) 

26 Poppet ball (6) 

27 Shifter rail 

28 Shifter fork 

29 Roller bearing (12) 

30 Thrust washer (12) 

31 Clutch gear (12) 

32 Roller bearing (12) 

33 Thrust washer (12) 

84 Clutch (6) 

86 Retaining ring (12) 

36 Ball (76) 

37 Separator spring (15) 

38 Clutch shaft (6) 

89 Bearing race (6) 

40 Oil seal 

41 Roller bearing 

42 Bearing race 

cover and clutches, exploded 'view. 


(5) 


(3) Do not remove bearing races 
iA\ J^fiQUire replacement. 

(4) Check amount and thickne 
shims when they are removed 
stall required number at ronoo 


(5) Discard all gaskets and preformi 
packings after removal. 
c. Cleaning. 

(1) Clean all metal parts in cleanir 



1 

2 

8 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 


Screw, cap, hex-head, 8/8-16 X 1 hi* (^2) 

Washer, lock, 3/8 in. (12) 

Shim (6) 

Laminat^ shim (6) 

Lefver ball (6) 

Ball seat (6) 

Lever cap 
Cap 

Shift lever 
Spacer 

Screw, cap, hex— head, 3/8—16 X 1 1/^ 

Wariier, lock, 8/8 in. (4) 

Bearing cover 
Cover gasket 

Pin, cotter, 8/82 X 1 1/2 in. 

Nut, slotted, 3/4—16 
Spacer 

Bearing retainer 

Figv/re 6-6, Power control box housing, 

and dry thoroughly with compressed 
air. 

Warning: The solvent is highly 
inflammable. Do not use solvent near 
an open flame. 


19 Shims 

20 Preformed packing 

21 Retaining ring 

22 Ball bearing 

23 Bearing nut 

24 Key washer 

25 Front bevel gear 

26 Key, woodruff 

27 Spacer 

28 Ball bearing 

29 Roller bearing 

30 Rear bevel gear 

31 Gear shaft 

32 Bearing race 

33 Spacer 

34 Pipe plug (2) 

36 Pipe plug, magnetic 
36 Power control box housing 

, levers, and drive gears, exploded view. 

(2) Remove all accumulated ftfrease 
dirt from power control Ipox part 

d. Inspection and Repair. 

(1) Inspect all parts for weai^ and d 
age. Check housing and coveij. 
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cracks or any evidence of metal fa- 
tigue. Check closely for evidence of 
lubricant leaks. 

(2) Check parts against tolerances listed 
in Table 1-1. Replace all parts not 
conforming to repair and rebuild 
standards. 

(3) Replace the anti-coasting brakes 
when the linings are worn to within 
1/32 to 1/16 inch of closest rivet 
head. 

(4) Replace all worn or damaged 
parts. 

e. Reassembly. 

(1) Reassemble power control box 
gears and housing in reverse of nu- 
merical sequence as illustrated on fig- 
ure 6-6. 

Note. Do not install shift levers (1 
through 9) until clutches and power control 
box cover (fig. 6-6) have been installed. 

(2) Install woodruff key (26) in shaft 
and press shaft in front bevel gear 
(25), using a suitable arbor press, 
until gear is firmly seated against 
shoulder on shaft. 

Note. Bevel gear face must be towards 
shoulder on shaft. 

(3) Install key washer (24) on shaft, 
with inside tab of washer in keyway. 
Install and tighten bearing nut (23) 
securely. Bend tabs on key washer 
into slots on nut. 

(4) Press roller bearing (29) and ball 
bearing (28) in rear bevel gear (30) 
and press gear on shaft, with bevel 
gear face towards front bevel gear. 
Install spacer (27) on shaft. 

Note. Measure distance between flat 
inner faces of bevel gears. Distance should 
be 0.766 to 0.802 inches. Adjust gears on 
shaft to obtain this clearance. 

(5) Press ball bearing (22) into bear- 
ing retainer (18) and install retain- 
ing ring (21) in cage. Slide bearing 
retainer in housing. Install gears 
and shaft, with threaded end of shaft 
through retainer, and secure with 
spacer (17) and nut (16), as shown 
in figure 6-7. Tighten nut securely. 
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Figure 6-7. Installing bea/ring retainer. 

(6) Install bearing race (42, fig. 6-5) i 
power box cover (22). Install roll< 
bearing (41) in bearing race. Insta 
cover on power box housing, wil 
shaft of drive gears through bea 
ing. Secure cover with screws (IJ 
and lockwashers (19). 

(7) Install vertical drive housing ( 
power box, with same number ( 
shims as when removed. Secu: 
drive housing with six screws (2, fi 
6-1) and lockwashers (3). 

(8) Tighten slotted nut (fig. 6-7) un 
there is no backlash when gears a 
rotated. Back off slotted nut two slol 
continue to back off enough to alh 
hole in shaft with slot in nut. Insh 
cotter pin (15, fig. 6-1). 

(9) Use a feeler gage to measure di 
tance between bearing retainer (fi 
6-7) and housing. Add 0.010 in 
to this distance and install amou 
of shims (19, fig. 6-6) to equ 
feeler gage measurement plus t 
0 . 010 . 






BEVEL 

PINION 


BEARING 

retainer' 


BEVEL 

GEARS 


SHIMS 


VERTICAL 

DRIVE 

HOUSING 


Figure 6~8. Installing vertical drive housing. 

(10) Install cover (13, fig. 6-6), gasket 
(14), and shims as shown in figure 
6-9. Tighten screws securely. 

Note. The procedure described above will 
provide a backlash of approximately 0.008 
to 0.010 inches between gears. 

(11) Refer to paragraph 6-2 and remove 
vertical drive housing from power 
control box. 

(12) Refer to figure 6-5 and remove 
power control box cover. 

Note. The following instructions ((13) 
throulgh (15)) apply to all six clutch assem- 
blies. 

(13) Install one retaining ring (35, fig. 
6-5) in bore of clutch (34). Re- 
fer to figure 6-10 and assemble 
clutch on shaft. 

(14) Refer to figure 6-11 and install 
clutch srears. bearinvs. and thrust 


Figure 6-9. Installing cover and shims. 

washers and shifter forks on clutch 
shaft and clutch. 

(15) Install six roller bearing races (39, 
fig. 6-6) and six races (32, fig. 6- 
6) and six spacers (33, fig. 6-6) in 
cover and housing. Races must be 
pressed in bores until edge of race 
is flush with inside surface of hous- 
ing and cover. 

(16) Install 12 roller bearings (29, fig. 
6-5) in the races in housing and 
cover. 

(17) Refer to figure 6-12 and install 
clutch assemblies in power control 
box. 

Note. Install clutch assembly containing 
fifteen balls and no separator springs in 
second position from right end of power 
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STEP 1. INSTALL CLUTCH ON SHAFT WITH WIDE 
SIDE OF CLUTCH TOWARD SPLINED END 
OF SHAFT. 

STEP 2. INSTALL TWO BALLS AND SPRING IN EACH 
GROOVE IN CLUTCH. INSTALL REMAINING 
TWO BALLS BEHIND SPRING. 

NOTE: THIS APPLIES TO FIVE CLUTCH 

ASSEMBLIES. IN THE SIXTH CLUTCH 
ASSEMBLY USED TO CONTROL THE 
FRONT LEAN WHEEL GEAR ASSEMBLY, 
INSTALL FIVE (5) BALLS WITHOUT 
A SPRING IN EACH OF THE THREE 
GROOVES. 

STEP 3. INSTALL RETAINING RING IN CLUTCH. 

MEC 3805-237-35/6-10 

Figure 6-10. Aasembling clutch. 

(18) Refer to figure 6-5 and complete as- 
sembly of power control box. 

(19) Install oil seal (40, fig. 6-5) over 
gear shaft by placing a piece of shim 
stock around shaft and sliding oil 
seal, with lip of seal towards inside 
of housing, over shim stock and into 
bore of cover. Remove shim stock 
and press seal in place. 


(20) Install shift levers (fig. 6-6) on pow- 
er control box. Install sufficient 
number of shims (3 and 4) to pro- 
vide 1/32 inch vertical movement of 
shift lever. 

/. Installation. 

(1) Refer to paragraph 6-2 and install 
vertical drive housing on power con- 
trol box. 

(2) Refer to paragraph 2-38 and install 
power control box and vertical driye 
housing on motor grader. 

g. Adjustment. 

(1) After installation of power control, 
adjust anti-coast brakes. 

(2) Tighten locknuts (10, fig. 6-5) un- 
til a pull of 90 inch pounds is re- 
quired to rotate the brake drum. 

Note. Adjust thrust bearings on gear 
assemblies (TM 5-S8()5-237-il2) before 
adjusting anti-coast brakes. 

(3) Refer to TM 5-3805-237-12 to start 
engine and operate motor grader. 
Check all motions for brake action. 

(4) If brake is too tight, shift lever will 
not work smoothly, but will be 
forced back out of engagement. 
Loosen locknut enough to compen- 
sate. 

(5) If brake is too loose it will not elim- 
inate coasting and will cause the 
brake drum and shaft to vibrate. 
Tighten nut to compensate. 




SHIFTER 

FORK 


LARGE 

THRUST 

WASHER 


CLUTCH 

GEAR 


LARGE 

THRUST 

WASHER 


CLUTCH 

GEAR 


CLUTCH 


SMALL 

THRUST 

WASHER 


ROLLER 

BEARING 


SMALL 

THRUST ROLLER 
WASHER BEARING 


ROLLER 

BEARING 


STEP U 

STEP 2. 

STEP 3. 
STEP 4, 


:FER TO FIGURE 6-5 AND ASSEMBLE SHIFTER 
DRK 

lOTE; COUNTERSUNK END OF SHIFTER RAIL 

MUST EXTEND FROM FLAT SIDE OF FORK. 
4STALL COMPONENTS ON CLUTCH SHAFT IN THE 
)RDER SHOWN ABOVE. 

lOTE* BEVELED SIDE OF SMALL THRUST WASHER 
MUST BE INSTALLED TOWARD CLUTCH. 
NSTALL TWO OUTER ROLLER BEARINGS IN 
lOUSiNG AND COVER. 

NSTALL LEGS OF SHIFTER FORK IN GROOVE 
K\ r\\ ITCH- 
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Figure 6-11. Installing clutch drive components. 



SHIFTER 

RAIL roller 

BOSS ' BEARING 



STEP 1. INSTALL CLUTCH ASSEMBLIES AT CENTER 
OF POWER BOX FIRST AND WORK 
TOWARDS ENDS OF POWER CONTROL 
BOX WITH REMAINING CLUTCH 
ASSEMBLIES. 

STEP 2, INSTALL CLUTCH ASSEMBLY WITH 
SHAFT CENTERED IN ROLLER 
BEARING IN HOUSING AND SHIFTER 
RAIL IN BOSS. 

STEP 3. CLUTCH GEARS MUST MESH WITH 
BEVEL GEARS AND GEARS OF EACH 
SUCCEEDING CLUTCH ASSEMBLY MUST 
MESH WITH CLUTCH GEARS OF THE 
ASSEMBLIES ALREADY INSTALLED. 

MEC 3805-237-35/6-12 


Figure 6-12. Installing clutch assembly. 
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CHAPTER 7 

HYDRAULIC SYSTEM REPAIR INSTRUCTIONS 


Section I. GENERAL 


7—1. Description 

a. The hydraulic system of the motor 
grader, exclusive of the wheel brakes, consists 
of a hydraulic reservoir, two hydraulic 
pumps, steering assembly, power shift mold- 
board control valve and lever, rotary valve, 


and power shift moldboard cylinder. A sche- 
matic diagram of the hydraulic system is illus- 
trated in figure 7-1. 

7-2. Components 

a. The two hydraulic pumps are driven by 
the vertical drive housing and are mounted 



Figure 7-1. Hydraulic system, schematic diagram. 
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beneath the frame in front of the power con- 
trol box. A hose from the hydraulic reservoir 
carries oil to a tee at the power shift mold- 
board pump, and a tube leading from the tee 
connects to the inlet side of the steering sys- 
tem pump. 

b. Oil under pressure is fed from the 
power shift pump to the right hand side of 
the control valve (fig, 7-1) and out through 
two lines to the rotary valve mounted on the 
drawbar forward of the moldboard. Move- 
ment of the power shift lever opens the valve 
to either hose, sending oil to the power shift 
moldboard cylinder (fig. 7-1) which shifts 
the moldboard. Oil returned to the reservoir 
leaves the control valve through a tee on the 
left side of the valve. 


c. Oil under pressure from the steering sys- 
tem hydraulic pump (fig. 7-1) flows to a tee 
at the pressure relief valve. This relief valve 
protects the system by allowing a pressure 
adjustment. Normal pressure at idle should 
be 700 to 800 psi (pounds per square inch) 
and at high idle, 1150 to 1200 psi. When 
pressure exceeds 1200 psi the relief valve will 
open and bypass oil back to the reservoir. 
From the tee at the relief valve the pressure 
is carried to the steering gear assembly 
mounted above the front axle. Rotation of 
the steering wheel and control shaft rotate an 
actuating shaft connected to a valve. The 
valve moves a piston with a rack on the left 
side. Movement of the piston rack turns a 
gear splined to a vertical shaft. The vertical 
shaft is connected to the steering arm and tie 
rods which turn the wheels. 


Section li. HYDRAULIC LINES 


7-3. General 

The hydraulic lines shown in the schematic 
(fig. 7-1) are used to carry the hydraulic 
pressure through the system. Lines are normal- 
ly clamped to the frame for support- and can 
be removed by removing clamps and discon- 
necting lines. 

7—4. Removal 

а. Remwe steering hydraulic lines in nu- 
merical sequence as illustrated on figure 7-2. 

б. Remove power shift moldboard hydrau- 
lic lines in numerical sequence as illustrated 
on figure 7-3. 

Note. To keep dirt of any type from entering 
hydraulic system, cap ail tubes, hoses, and ports 
whenever disconnections are made. 

7-5. Cleaning 

Clean metal tubes with cleaning compound, 
solvent (Spec. P-S-661) and blow dry with 
compressed air. Clean hoses with compressed 


air. Plug all tubes and hoses to keep dirt 
from entering. 

7-6. Inspection and Repair 

а. Check all tube assemblies for bent or 
cracked condition. Check all connections and 
fittings for evidence of metal fatigue or leak- 
age. 

б. Check all hose assemblies for wear or 
deterioration. Check connections for metal 
fatigue or leakage. 

c. Check threads on all fittings for damage. 

d. Replace all damaged parts. 

7-7. Installation 

a. Install power shift moldboard hydraulic 
lines by reversing the numerical sequence as 
illustrated on figure 7-3. 

b. Install steering system hydraulic lines 
by reversing the numerical sequence as il- 
lustrated on figure 7-2. 
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HYDRA ULfCi 
RESERVOIR 


MOLDBOARD MAIN 
.SHIFT /frame 

HYDRAULIC 


STEERING 
GEAR ASSEMBLY 
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1 Clamp (4) 

2 Screw, cap, hex-head, 3/8-16 

3 Washer, lock, 3/8 in. (S) 

4 Clamp (3) 

5 Screw, cap, hex-head 

6 Washer, lock 

7 Clamp 

8 Short pressure tube 

9 Adapter (2) 

10 Long pressure tube 

11 Elbow, 46“ 

12 Long return tube 

13 Short return tube 

14 Elbow, 90“ 

15 Adapter (2) 

16 Hose assembly 


X 2 1/4 in, (3) 


17 Elbow, 90“ 

18 Reducing tee 

19 Pipe nipple (2) 

20 Hose assembly 

21 Adapter 

22 Pipe tee 

23 Elbow, 46“ 

24 Pipe bushing 

25 Hose assembly 

26 Adapter (2) 

27 Hose assembly 

28 Screw, cap, hex-head, 8/8-16 X 2 in. (2) 

29 Washer, lock, 8/8 in. (2) 

30 Bracket 

31 Steering relief valve 


Figure 7-2. Steering hydraulic lines, removal and installation. 
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1 

Clamp (2) (remove •with power steering lines) 

19 

Adapter elbow, 90“ (4) 

2 

Screw, cap, hex-head, 3/8-16 X 1 1/2 in. 

20 

Adapter (2) 

3 

Washer, lock, 3/8 in. 

21 

Hose assembly 

4 

Clamp 

22 

Tube assembly 

6 

Tube assembly 

23 

Pipe bushing 

6 

Tube assembly 

24 

Street elbow, 90° 

7 

Screw, cap, hex-head, 3/8-J16 X 1 1/2 in. (2) 

26 

Pipe nipple 

8 

Washer, lock, 8/8 in. (2) 

26 

Pipe bushing 

9 

Clamp (2) 

27 

Pipe tee 

10 

Tube assembly 

28 

Elbow, 90° 

11 

Tube assembly 

29 

Pipe plug 

12 

Tube assembly 

30 

Adapter 

13 

Tube assembly 

31 

Pipe nipple 

14 

Tube assembly 

32 

Pipe tee 

16 

Tube assembly 

33 

Ebow, 45° (2) 

16 

Hose assembly (2) 

34 

Adapter tee 

17 

Tube assembly 

36 

Reducing coupling 

18 

Tube assembly 

36 

Pipe nipple 


Figure 7—3. Power shift moldboard hydraulic lines, removal and installation. 


7—8. General 

a. The two hydraulic pumps are mounted 
on a pump adapter driven by the vertical 
drive housing. The right pump supplies the 
power steering system and the left pump, the 
power shift moldboard system. 

h. When the engine is running the two 
pumps are operating. Bypass or return lines 
from the pumps circulate the oil and return it 
to the hydraulic reservoir. Oil flow to the 
power steering system is controlled by rota- 
tion of the steering wheel. The power shift 
moldboard lever operates a plunger in the 
control valve. Depending upon which way 
the plunger is moved, valve ports open to 
send oil to the rotary valve and to one side of 
the moldboard shift hydraulic cylinder. 

7—9. Removal 

a. Refer to paragraph 2-38 and remove the 
hydraulic pumps and adapter from the verti- 
cal drive housing. 

b. Cap or plug openings in the pumps to 
prevent the entrance of dirt or other for- 
,eign matter. 

c. Check pumps and tag for reassembly. 
The power shift moldboard hydraulic system 
pump has a wider housing than that of the 
steering system hydraulic pump. A larger 
volume of oil is required to shift the mold- 
board. Improper installation of the pumps 
will also cause pump rotation to be directly 
opposite that required to produce a pumping 
action. 

7-10. Disassembly 

a. Refer to figure 7-3 and remove fittings 
from hydraulic pump. 

b. Disassemble the hydraulic pump and 
pump adapter in numerical sequence as illus- 
trated on figure 7-4. 

Note. The sequence shown on the illustration applies 
to both pumps. 

c. Scribe a line across the cover, housing, 
and adapter to line up parts at reassembly. 

d. Discard all preformed packings and 
gaskets after removal. 


7-1 1 . Cleaning 

a. Clean all metal parts in cleaning com 
pound, solvent (Spec. P-S-661) and dry thor 
oughly with compressed air. 

Warning: The solvent is highly inf lam 
mable. Do not use solvent near an open flame 

b. Remove all accumulated grease and dir 
from pump parts, paying particular attentioi 
to pump ports. 

Note. Do not use waste or soft cloths to clean pumi 
Any lint left from the cloths will clog the hydrauli 
system. 

7-12. Inspection and Repair 

a. Inspect wear plates, housing and ad.apte: 
for wear patterns, cracks, erosion, and dam 
age. 

b. Inspect gear shafts for wear and out-of 
round condition. 

c. Replace wear plates if there is any evi 
dence of erosion paths at the relief pockets 

d. Replace all worn or damaged parts. 

7-13. Reassembly 

a. Inspect all parts for cleanliness before in 
stalling. Handle parts carefully to avoid nick 
and scoring. Lubricate preformed packing 
before installation. 

b. Reassemble the hydraulic pump an^ 
pump adapter in reverse of the numerical se 
quence shown in figure 7-4 and the follow 
ing instructions. 

0 . Press oil seal (35) into adapter bore wit 
lip of seal towards inside of pump. Pres 
ball bearing (34) in adapter and secure wit 
retaining ring (33). 

d. Install adapter wear plate (30) i: 
adapter with counterbore relief in wear plat 
towards gears. 

e. Use care when installing shaft of driv 
gear (28) in adapter. Do not damage oil sea 

f. When installing gear housing (26) i 
adapter around pump gears, tap housin 
lightly with a soft hammer to seat housing i 
adapter. 
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1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 



Screw, cap, hex-head, 1/2-13 X 1 1/2 in. (4) 
Washer, lock, 1/2 in. (4) 

Adapter plate gasket 
Retaining ring (2) 

Setscrew, 6/16-24 X 1/2 in. (2) 

Pump gear (2) 

Screw, cap, hex-head, 1/2-13 X 3 1/2 in. (2) 
N\it, 1/2-13 (2) 

Washer, lock, 1/2 in. (2) 

Nut, 1/2-13 (2) 

Washer, lock, 1/2 in. (2) 

Spacer 

Screw, cap, hex-head, 1/2-13 X 1 3/8 in- (2) 
Washer, lock, 1/2 in. (2) 

Adapter gasket 
Shim (3) 

Pipe plug, magnetic 
Adapter housing 
Key, square 

Screw, cap, hex-head (4) 


21 Washer, lock, (4) 

22 Pump cover 

23 Preformed packing (2) 

24 Preformed packing 
26 Cover wear plate 

26 Gear housing 

27 Driven gear 

28 Drive gear 

29 Preformed packing 

30 Adapter weiar plate 

31 Washer (3) 

32 Preformed packing (8) 
83 Retaining ring 

34 Ball bearing 
85 Oil seal 

36 Dowel pin (2) 

37 Pump mounting adapter 

38 Drive gear 

39 Spacer 


Figure 7-A. Hydraulic pump and pump adapter, exploded view. 


g. Install cover wear plate (25) on hous- 
ing with counterbore relief toward housing. 

k. Tap cover (22) lightly to seat cover over 
wear plaite. Install screws (20) and washers 


(21) and torque screws to 70 foot pounds. 

i. After completing assembly of pump, 
tate gear (6). Pump gears must rotate fr 
without binding. 


7 ^ 
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7-14. Installation 

a. Refer to paragraph 2-38 and install 
pumps and adapter on vertical drive housing. 

Note. Install pumps correctly on pump adapter. 
Check tags placed on pump when removed. 

h. Refer to figure 7-3 and install fittings 
and hydraulic lines on pump. 


c. Fill hydraulic reservoir with correct 
grade of oil (current LO) and start engine. 
Operate steering system and power shift 
moldboard through at least two complete cy- 
cles. Check hydraulic reservoir and add suffi- 
cient oil to bring level to full mark on dip- 
stick. 


Section IV. STEERING SYSTEM 


7—15. General 

a. The hydraulic or power steering system 
used on the motor grader relieves the operator 
of any excessive effort to guide the grader. 
Any slight movement of the steering wheel is 
reflected in an immediate response by the 
steering gear assembly and the front wheels. 

h. A control shaft connects the steering 
wheel to the steering gear assembly. This con- 
trol shaft actuates valves and a piston within 
the gear ajssembly. Movement of the piston 
turns a gear keyed to the vertical shaft. The 
shaft is splined to a steering arm connected 
to the tie rods with a ball and socket. 

c. This section contains repair instructions 
for the steering control shaft, steering gear as- 
sembly, and steering system relief valve. 

7—16. Steering Wheel and Control Shaft 

a. Removal. Remove the steering wheel 
and control shaft in the numerical sequence as 
illustrated on figure 7-5. 

b. Cleaning. Clean parts in cleaning com- 
pound, solvent (Spec. P-S-661) and dry thor- 
oughly with compressed air. 

Warning: The solvent is highly inflam- 
mable. Do not use solvent near an open flame, 

c. Inspection and Repair. 

(1) Inspect steering wheel for cracks or 
damage. 

(2) Inspect control shafts and bearings 
for wear or damage. 

(3) Check universal joints for free 
movement and inspect for damage. 

(4) Replace all worn or damaged parts. 

d. Installation. Install the steering wheel 
and control shaft in reverse of numerical se- 
quence as illustrated on figure 7-5. 


Note. Pack universal joints with correct grade of 
grease (current LO) before installing pipe plugs. 

7-1 7. Steering System Relief Valve 

a. Removal. Refer to paragraph 7-4 and 
remove the steering system relief valve (31, 
fig. 7-3). 

h. Disassembly. Disassemble the steering 
system relief valve in numerical sequence as 
illustrated on figure 7-6. Discard gasket. 

G. Cleaning. Clean all parts in cleaning 
compound, solvent (Spec. P-S~661) and dry 
thoroughly with compressed air. 

d. Inspection and repair. 

(1) Inspect ball and valve for wear and 
evidence of scoring or leakage. 

(2) Check spring for serviceable con- 
dition. 

(3) Replace worn or damaged parts. 

e. Reassembly. Reassemble steering system 
relief valve in reverse of the numerical se- 
quence as illustrated on figure 7-6. 

/. Installation. Refer to paragraph 7-7 and 
i'nsitall the steering system relief valve (31, 
fig, 7-3). Refill hydraulic reservoir if neces- 
sary. 

g. Adjustment. 

(1) Refer to figure 7-7 and install a 
pressure gage in hydraulic pump. 

(2) Start the engine (TM 5-3805-237- 
12) and operate steering system. 

(3) Check hydraulic reservoir and fill 
reservoir to full mark on dipstick if 
necessary. Refer to current LO for 
correct oil. 

(4) Operate engine at high idle speed 
and check gage, Reading must be 
between 1150 and 1200 psi. De- 
crease engine speed to low idle. 
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1 Cap nut 

2 Washer, lock 

3 Screw, cap, hex-head, 3/8-16 X 2 in. (6) 

4 Washer, lock, 3/8 in. (6) 

6 Bearing bracket 

6 Bearing bracket 

7 Lubrication fitting 

8 Shaft bearing 

9 Pin, cotter, 1/8 X 3/4 in. (2) 

10 Pin (2) 

11 Rear control shaft 
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12 Pipe plug 

13 Universal joint, w/extension 

14 Lubrication fitting 
16 Shaft bearing 

16 Pin, cotter, 1/8 X 3/4 in. (2) 

17 Pin (2) 

18 Front control shaft 

19 Pipe Plug 

20 Universal Joint 

21 Steering Wheel 


Figure 7-5. Steering wheel and control shaft, exploded view. 


Gage should read between 700 and 
800 psi. 

(6) If readings are not as stated remove 
relief valve cap (fig. 7-7) and add 
shims (3, fig. 7-6) to increase pres- 
sure or remove shims to decrease 
pressure. Install cap. 


(6) If adjustment of relief valve 
not produce correct pressure, re 
or replace hydraulic pump (parj 
10 ). 

(7) Refer to figure 7-7 and remove j 
from pump. Refill hydraulic n 
voir if necessary. 



3 



1 Cap 

2 Gasket 

3 Shim 

4 Spring 

5 Spacer 

6 Ball 

7 Valve 

8 Housing 
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disconnect 

HOSE. 


RELIEF 

VALVE 


STEERING 
I HYDRAULIC 
I PUMP 


REMOVE CAP' 

TO ADJUST 
PRESSURE. ' 


Remove 

lELDOW. 


STEP 1. 
STEP 2. 
STEP 3. 

STEP 4. 

STEP 5. 


DISCONNECT HOSE FROM ELBOW. 
REMOVE ELBOW FROM PUMP. 
install SUITABLE TEE IN BUSHING 
IN PUMP. 

CONNECT HOSE TO ONE END OF 
TEE. 

INSTALL PRESSURE GAGE READING 
UP TO 2000 PSl IN OTHER SIDE OF TEE. 
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Figure 7-7. Preaaure gage, inatallation and removal. 


Figv/re 7-6. Steering ayatem relief valve, exploded 
view. 


Section V. STEERING GEAR ASSEMBLY 


7-18. General 

The steering gear assembly provides the 
power for turning the wheels. A vertical 
power steering shaft connects to the steering 
arm and the rods. 

7-19. Steering Gear Assembly 

a. Removal. 

(1) Refer to paragraph 7-16 and discon- 
nect the control shaft universal 
joint (20, fig. 7-5) from the steering 

gear. „ rr 

(2) Disconnect tubes (8 and 12,. fig. 7- 
2) and remove elbows (11 and 14, 


fig. 7-2) from steering gear assem- 
bly. 

(3) Refer to TM 5-3805-237-12 and 
remove boot, steering arm, tie rods 
and drag links from motor grader. 

(4) Remove steering gear assembly in 
numerical sequence illustrated on 
figure 7-8, items 6 through 19. 

b. Disassembly. Drain hydraulic oil from 
steering gear assembly. Disassemble steering 
gear assembly in numerical sequence illus- 
trated on figure 7-8, items 20 through 53. Dis- 
card preformed packings, quad rings, and 
gaskets after removal. 


7-9 
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1 Pin, cotter, 1/4 X 1 8/4 In. 

2 Nut, slatted, 7/8-14 
8 Steering ball 

4 Lock nut 

5 Steering arm 

6 Screw, cap hex-head, 5/8-11 X 8 in. (2) 

7 Washer, lock, 6/8 in. (2) 

8 Bearing cap 

9 Lubrication fitting 

10 Bushing (2) 

11 Sdf-aligning bearing 

12 Hubber seal 

18 Screw, cap, hex-head, 6/8-11 X 1 1/2 in. (4) 

14 Washer,' lock, 6/8 in. (4) 

16 Shim, 6/16 in. thk (4) 

16 Shim, 6/32 in. thk (8) 

17 Screw, cap, hex-head, 9/16-18 X 1 8/4 (8) 

18 Washer, lock, 9/16 in. (8) 

19 Mounting plate 

20 Screw, cap, hex-head, 3/8-24 X 1 8/8 (10) 

21 Washer, lock, 3/8 in. (10) 

22 Bearing retainer 

23 Retainer gasket 

24 Locking pin 

25 Bearing lock nut 

26 Actuating shaft 

27 Oil seal 

Figure 7-8- 


28 Oil seal 

29 Screw, cap, hex-head, 3/8-24 X 1 3/8 in. (10) 

30 Washer, lock, 8/8 in. (10) 

31 Cylinder head 

32 Cylinder head gasket 

33 Screw, cap, hex-head, 9/16-18 X 1 in. (7) 

34 Washer, lock, 9/16 in. (7) 

86 Housing cover 

36 Preformed packing 

37 Bushing 

38 Screw, cap socket head, 6/16-24 X 3/4 in, (2) 

39 Gear retaining nut 

40 Drive gear 

41 Power steering shaft 

42 Piston 

43 Locking pin 

44 Valve adjusting nut 
46 Reversing spring (2) 

46 Actuating valve 

47 Piston ring (2) 

48 Valve positioning pin 

49 Quad ring 

60 Bushing 

61 Pipe plug 

62 Pipe plug (2) 

68 Steering gear housing 


•Continued. 


c. Cleaning. conforming to repair and replace- 


(1) Clean all metal parts in cleaning 
compound, solvent (Spec. P-S-661) 
and dry thoroughly with compressed 
air. 

Warning: The solvent is highly 
inflammable. Do not use solvent near 
an open flame. 

(2) Keep all parts covered or protected 
from dirt, lint, or other foreign mat- 
ter while awaiting inspection, re- 
pair, and reassembly. 

Note. It is imperative that no dirt or 
foreign matter of any kind enter the 
hydraulic system. 

d. Inspection and Repair. 

(1) Inspect all parts for wear and dam- 
age. 

(2) Inspect actuating valve, piston, and 
piston rings for evidence of cracks 
and scoring. 

(3) Check parts against tolerances listed 

nToKlA 1^1 oil -nQvfc Tint 


ment standards. 

(4) Replace all worn or damaged parts. 
e. Reassembly. Reassemble steering gear 
assembly in reverse of the numerical sequence 
illustrated in figure 7-8, items 53 through 
20 and the following instructions. 

(1) Install valve positioning pin (48) in 
piston until head is below surface 
of piston and flat sides of pin are 
alined with axis of piston bore. 

(2) Install actuating valve (46) in bore 
of piston (42) with positioning slot 
on valve engaging positioning pin in 
piston. 

Note. Do not force valve aver pin. Adjust 
pin by turning pin until pin is alined with 
slot. 

(3) Install valve adjusting nut (44) in 
piston and tighten nut with a span- 
ner wrench until actuating valve 
cannot be moved. 

(4) Starting at the locking pin hole in 
the piston, count and scribe a mark 
on tbft Rivtpfinth slot. 
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(5) Remove adjusting nut, actuating 
valve, and positioning pin from pis- 
ton. 

(6) Install one reversing spring (45) 
in bore of piston. Install position- 
ing pin as described in (1) above. 

(7) Install actuating valve in piston and 
second reversing spring on top of 
valve. 

(8) Install valve adjusting nut and tight- 
en nut until seated on reversing 
spring. If marked slot is not in line 
with locking pin hole in side of pis- 
ton, loosen nut to aline slot with 
hole. 

(9) Install locking pin (43) in hole in 
piston and into adjusting nut. End 
of pin must be flush with or below 
outer surface of piston. 

(10) Install two piston rings (47) in 
grooves in piston. Using a suitable 
ring compressor, install piston into 
housing. 

(11) When installing cover (35) on hous- 
ing, torque screws (33) to 53 foot 
pounds. 

(12) Install oil seal (28) in bore of re- 
tainer from inside of cap with lip of 
seal towards inside of retainer. In- 
stall oil seal (27) in bore with lip 
of seal toward outside of cap. 

(13) If new bearing locknut (25) is be- 
ing installed, tighten nut until bear- 
ing is seated. Insert 3/32 inch dia- 
meter drill through locking pin hole 
and drill hole 3/16 inch deep in nut. 
Remove nut and actuating shaft 


and clean cap, shaft, and nut thor- 
oughly to remove all drill chips. 

(14) When installing bearing retainer 
(22) and cylinder head (31) on 
housing, torque screws (20 and 29) 
to 33 foot pounds. 

/. Installation. Install the steering gear 
assembly in reverse of the numerical se- 
quence as illustrated on figure 7-8, items 19 
through 13 and the following instructions. 

(1) InS'tall steering gear assembly on 
mounting plate (19). 

(2) Lift steering gear assembly with 
chain and hoist and install on motor 
grader. Guide power steering shaft 
through frame to prevent damage to 
shaft. 

(3) Install rubber seal (12) over shaft 
before shaft is lowered through self- 
alining bearing. 

(4) Install steering gear assembly on 
grader and secure mounting plate 
with four screws (13) and lockwash- 
ers (14). 

(5) Install shims (15 and 16) between 
mounting plate and bars. Shims 
must center and aline power steering 
shaft in self-aJining bearing so that 
shaft rotates freely without any bind- 
ing. 

(6) Refer to TM 5-3805-237-12 and in- 
stall drag links, tie rods, steering 
arm, and boot on motor grader. 

(7) Start engine and operate steering sys- 
tem (TM 5-3805-237-12) through 
the full steering range at least three 
times. Check hydraulic reservoir and 
fill if necessary. 


Section Vi. POWER SHIFT MOLDBOARD SYSTEM 


7-20. General 

a. The power shift moldboard hydraulic 
system consists of a hydraulic pump, control 
valve, shift lever, rotary valve, and mold- 
board cylinder. Movement of the shift lever 
to one side or the other will slide the mold- 
board to that side. 

b. The shift lever is mounted below the 
steering wheel and extends through the front 


sheet to a lever and linkage connected to the 
control valve plunger. Movement of the 
plunger sends oil to one end or the other of 
the moldboard cylinder through the rotary 
valve. 

c. Oil pressure within the cylinder moves 
the piston in either direction. The piston 
rod is connected to the moldboard on one end 
and the cylinder tube is connected to the RH 
tilt plate on the other end. A slide, welded 
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to the moldboard and supported by the mold- 
board tilt plates allows the moldboard to 
move in either direction. 

7-21. Control Valve 

а. General. The power shift moldboard 
control valve is mounted on a plate above the 
hydraulic pumps in front of the power control 
box. The valve is actuated by a power shift 
lever and linkage connected to the valve 
plunger. 

б. Removal. 

(1) Remove power shift moldboard lever 
in the numerical sequence as illus- 
trated on figure 7-9. 

(2) Refer to figure 7-10 and remove the 
control valve from the motor grader. 

Note. Plug openings in control valve 
aftear removal of fittings to prevent 
entrance of dirt. 


€. Disassembly. Disassemble the control 
valve in the numerical sequence as illustrated 
on figure 7-11. 

d. Cleaning. 

(1) Clean all metal parts in cleaning 
compound, solvent (Spec. P-S-661) 
and dry thoroughly with compressed 
air. 

Warning: The solvent is highly 
inflammable. Do not use solvent near 
an open flame. 

(2) After cleaning, cover or seal all parts 
to prevent entrance of dirt or foreign 
matter until repair or reassembly. 

e. Inspection and Repair. 

(1) Check all parts for wear or damage. 

(2) Inspect plunger and relief valve 
parts for scoring, nicks, and 
scratches. 
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1 

Lever ball 

6 

Pin, cotter, 3/32 X 3/4 

11 

Pin 

2 

Spring pin 

7 

Pin 

12 

Yoke 

3 

Nut, 1 1/4-12 

8 

Nut, 3/4-16 

13 

Pull rod lever 

4 

Washer, lock, 1 1/4 in. 

<9 

Pull rod 

14 

Lubrication fitting 

6 

Lever 

10 

Pin, cotter, 3/32 X 3/4 

15 

Lever bearing 
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STEP 1. REFER TO FIGURE 7-3 AND DISCONNECT 
HOSES AND REMOVE FITTINGS FROM 
CONTROL VALVE. 

NOTE; PLUG ALL HOSES AND VALVE 

OPENINGS TO PREVENT ENTRANCE 
OF DIRT, 

STEP 2. REMOVE THREE SCREWS AND LOCK 

WASHERS SECURING VALVE BRACKETS 
TO PLATE. 

STEP 3. REMOVE CONTROL VALVE. 

STEP 4. TO ADJUST PRESSURE, REMOVE ADJUSTING 
SCREW CAP, LOOSEN LOCK NUT, AND 
TURN ADJUSTING SCREW AS NECESSARY. 

MEC 3805-237-35/7-10 


Figure 7-10. Power shift moldboard control valve, 
removal and installation. 

(3) Inspect all seal rings for tears, abra- 
sio'Hs, multilatiion, and deterioration. 

(4) Inspect three housings for wear or 
scoring in valve bores. 

(5) Check springs for serviceable condi- 
tion. 

(6) Eeplace all worn, damaged, or de- 
teriorated parts. 


/. Reassembly. Reassemble the control 
valve in reverse of numerical sequence as il- 
lustrated on figure 7-11. Tighten nuts (3) to 
a torque of 60 foot pounds. 

g. Installation, 

(1) Refer to figure 7-10 and install the 
moldboard shift control valve. 

(2) Refer to figure 7-9 and install the 
power shift moldboard lever. 

(3) Start the engine and operate the 
moldboard shift lever (TM 5-3805- 
237-12) to shift the moldboard to 
extreme travel limits on both sides. 

(4) Check and refill hydraulic reservoir 
if necessary. 

h. Adjmtment. 

(1) Remove hose and upper outlet fit- 
ting (fig. 7-10) from center section 
of control valve. 

(2) Install a 2,000 psi pressure gage in 
the fitting port. 

(3) Remove adjusting screw cap (fig. 7- 
10) and loosen locknut. 

(4) Start engine and run at fast idle. Us- 
ing a screw driver, turn adjusting 
screw in or out until a reading of 
1,000 psi on gage is obtained. Hold 
adjusting screw and tighten locknut. 
Install adjusting screw cap. 

(5) Shut off engine. Remove gage from 
port and install hose and outlet fit- 
ting. 

7-22. Rotary Valve 

a. General. To allow the moldboard to ro- 
tate and keep the hydraulic lines connected to 
the moldboard shift cylinder, the hydraulic 
oil flows through a rotary valve. The valve 
is mounted on the underside of the drawbar 
and the valve support is connected by a link 
to the circle tie rod. As the moldboard ro- 
tates, the support rotates. The rotary portion 
(lower part) of the valve rotates with the 
support and the outlets in the rotary portion 
maintain connections to the moldboard shift 
cylinder. 

b. Removal. 

(1) Refer to figure 7-3 and disconnect 
hoses, tubes, and fittings from the 
rotary valve. 


7-14 


(2) Refer to figure 7-12 and remove the 
rotary control valve from the motor 
grader. 

d. Disassembly. Disassemble the rotary 
valve in numerical sequence as illustrated on 
figure 7-13. Discard all preformed packings 
after removal. 

e. Cleaning. 

(1) Clean all metal parts in cleaning com- 
pound, solvent (Spec, P-S-661) and 
dry thoroughly with compressed air. 

Warning: The solvent is highly 
inflammable. Do not use solvent near 
an open flame. 

(2) After cleaning, cover and seal all 
parts to prevent entrance of dirt or 
foreign matter until repair or reas- 
sembly. 

f. Inspection and Repair. 

(1) Inspect rotary portion of valve and 
valve body for scoring, wear, or dam- 
age. 

(2) Replace all scored, worn, or dam- 
aged parts. 

g. Reassembly. Reassemble the rotary 
valve in reverse of the numerical sequence as 
illustrated on figure 7-13. After tightening 
two screws (6) securely, stake each screw in 
four places. 

h. Installation. 

(1) Refer to figure 7-12 and install the 
rotary control valve on the motor 
grader. 

(2) Refer to figure 7-3 and install fit- 
tings and connect hose and tube as- 
semblies to rotary valve. 

(3) Start engine and operate power shift 
moldboard (TM 5-3805-237-12) 
through at least two complete cycles. 
Refill hydraulic reservoir (current 
LO) with proper oil to full mark on 
dipstick if necessary. 

7-23. Moldboard Shift Hydraulic Cylinder 

a. General. The moldboard shift hydraulic 
cylinder is mounted on the moldboard. The 
ends of the cylinder and piston rod are con- 
nected by a ball and socket to the moldboard 
and RH tilt plate. As pressure in the cylin- 
der extends or retracts the piston rod, the 
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of the circle. A circular bar acts as a slide for 
the moldboard and is supported by the two 
moldboard tilt plates. 

b. Removal. 

(1) Lower moldboard to the ground to 
facilitate removal. 

(2) Refer to figure 7-3 and disconnect hy- 
draulic tube assemblies and remove 
fittings from moldboard shift cylin- 
der. Plug all tube assemblies and cyl- 
inder ports to prevent entrance of 
dirt or foreign matter. 

(3) Remove four screws, lockwashers, 
and flat washers and remove large 
shield from moldboard. 

(4) Remove screw, lockwasher, and nut 
and remove small shield from pro- 
tecting ball socket, 

(5) Refer to figure 7-14 and remove the 
moldboard shift hydraulic cylinder. 

c. Disassembly. Disassemble the moldboard 
shift hydraulic cylinder in numerical sequence 
as illustrated on figure 7-15. Discard all pre- 
formed packings after removal. 

Note. Loosen packing gland (20) and slide gland 
and packing set (19) along piston rod. Use a spanner 
wrench and unscrew packing nut (17) from cylinder. 
Remove piston rod and parts from cylinder. Disassem- 
ble piston rod. 

d. Cleaning. 

(1) Clean all metal parts in cleaning 
compound, solvent (Spec. P-S-661) 
and dry with compressed air. 

Warning: The solvent is highly 
inflammable. Do not use solvent near 
an open flame. 

(2) Cover or seal all parts to prevent the 
entrance of dirt or foreign matter 
while awaiting repair and reassem- 
bly. 

e. Inspection and Repair. 

(1) Inspect all parts for wear and dam- 
age. 

(2) Inspect pistons, piston rod, and in- 
side of cylinder tube for scoring and 
scratches. 

(3) Replace all worn, scored, or dam- 
aged parts. 

/. Reassembly. Reassemble the moldboard 
shift cylinder in reverse of the numerical se- 
quence as illustrated on figure 7-15 and the 
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Figure 7—11. Moldboard shift control valve, exploded vu 
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REMOVE SCREWS (2) 
AND LOCK WASHERS 
( 2 ) 


ROTARY 

VALVE 


TUBE 

ASSEMBLIES 


LINK TO 
CIRCLE TIE 
ROD 



SUPPORT 


HOSE 

ASSEMBLIES 


REMOVE 
'Xs UPPORT 
AND ROTARY 
VALVE 

REMOVE SCREWS (4) 
AND LOCK WASHERS (4) 
AND REMOVE ROTARY 
VALVE FROM SUPPORT. 


STEP 1. DISCONNECT TUBE AND HOSE ASSEMBLIES, 
FROM ROTARY VALVE. REMOVE FITTINGS 
FROM VALVE. 

NOTE: PLUG TUBE AND HOSE ASSEMBLIES 
AND VALVE PORTS TO PREVENT 
ENTRANCE OF DIRT. 

STEP 2. REMOVE TWO SCREWS AND LOCK WASHERS 
SECURING ROTARY VALVE TO DRAWBAR. 
STEP 3. REMOVE SUPPORT AND ROTARY VALVE 
FROM DRAWBAR AND CIRCLE TIE ROD. 

STEP 4. REMOVE FOUR SCREWS AND LOCK WASHERS 
AND REMOVE ROTARY VALVE FROM 
SUPPORT, 
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Figure 7-12. Rotary valve, removal and installation. 
Note. Coat all parts with oil before reassembly. 

(1) Install wiper ring (21) in packing 
gland (20) with V of ring fitting 
on inside shoulder of gland. 


(2) Install packing gland, packing set 
(19) and bushing (18) on piston 
rod. 

(3) Install one piston half (14) on pis- 
ton rod and install four sections of 
packing set (16) on piston rod with 
V in sections pointing toward 
threaded end of rod. 

(4) Install center section of packing set 
(15) and four sections of packing set 
on rod with V in sections pointing 
away from threaded end of rod. In- 
stall remaining piston half on rod. 

(5) After installing nut (13) and cot- 
ter pin (12), place a piece of thin 
shim stock around piston and slide 
piston rod and parts into cylinder 
tube. 

(6) When installing packing gland (20), 
tighten securely and aline slot in 
gland with tapped hole in packing 
nut. Install screw (8) and lockwash- 
er (9) to secure packing gland. 

g. Installation. 

(1) Refer to figure 7-14 and install 
moldboard shift cylinder on motor 
grader. 

(2) Install small shield on moldboard 
and secure with screw, lockwasher 
and nut. 

(3) Install large shield on moldboard 
and secure with four screws, lock- 
washers, and flat washers. 

(4) Refer to figure 7-3 and install fit- 
tings and connect tube assemblies to 
shift cylinder. 


1 Screw, cap, hex- head (2 rqr) 

2 Washer, lock (2 rqr) 

3 Screw, cap, hex- head, 5/16-18 x 

7/8 in, (4 rqr) 

4 Washer, lock, 5/16 In. (4 rqr) 

5 Valve support 

6 Screw, machine, flat- head, 3/8-16 x 

3/4 in. (2 rqr) 

Bolting plate 
Pipe plug (2 rqr) 

Rotary portion 
Felt washer 

Preformed packing (3 rqr) 

Valve body 
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7 

8 
9 

10 

11 

12 



MEC 3805-237-35/7-13 


Figure 7~13. Rotary valve, exploded view. 




DISCONNECT TUBE ASSEMBLIES 
AND REMOVE FITTINGS FROM 
MOLDBOARD SHIFT CYLINDER. 


SHIFT 

CYLINDER 


REMOVE CLAMPS (2) FROM 
MOLDBOARD SHIFT CYLINDER 


PISTON 
ROD g 


MOLDBOARD 

SLIDE 


REMOVE SCREWS (4), LOCK 
WASHERS (4), AND NUTS 
(4) AND REMOVE BALL CAPS 
FROM PISTON AND CYLINDER 
ENDS. 


REMOVE MOLDBOARD SHIFT 
CYLINDER FROM MOLDBOARD 


MOLDBOARD 
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Figure 7-T4. Moldboard shift hydraulic cylinder, removal and installation. 
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CHAPTER 8 

WHEELS, BRAKES, AND FRONT AXLE 
REPAIR INSTRUCTIONS 
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Section I. GENERAL 


8-1, General 

a. The six wheels on the motor grader are 
identical in most respects. Brakes for the mo- 
tor grader are incorporated in the tandem 
front wheels. The brake drums are part of 
the wheels. The brake mechanism is mounted 
on a backing plate secured to the tandem 
housing. 

b. A hydraulic master cylinder, operated by 
a linkage from the brake pedal, supplies the 
pressure to operate the self adjusting brakes. 
The hydraulic fluid in the brake cylinder is 
sntirely separate from the hydraulic systems 
used to steer the grader and operate the mold- 
board shift. 


c. The front wheels and axle have a lean- 
ing feature explained earlier in the manual. 
To provide steering, the front axle is attached 
to spindles and drag links. The spindles and 
drag links are moved through the action of 
the tie rods and steering arm. 

8—2. Contents 

a. This chapter contains repair instructions 
for the wheels, brakes, brake system, and 
front axle. 

b. Included in the repair of the brake sys- 
tem will be the brake linkage, master cylin- 
der, tubing, and the brake assemblies. 


Section II. WHEELS AND BRAKES 


(-3. General 

a. The front and rear wheels are mounted 
in the same manner, with the front wheels 
iished to allow movement of spindles and 
iribrating bar. Bearing caps on the front 
(vheels enclose the wheel bearings and lock- 
out. On the rear wheels the locknut is ex- 
posed. The rear wheels are mounted on ta- 
pered axles and have puller screw holes to aid 
in removal of wheel. 

b. The brake assemblies are mounted on 
the tandem housings and enclosed by the rear 
wheel brake drums. The brake mechanism 
3an be serviced without removing from the 
tandem housing. 

c. Included in the brake system repair 
will be the brake pedal and linkage, hydrau- 
lic lines, and brake master cylinder. 


8-4. Wheels 

a. Removal. Refer to TM 6-3805-237-12 
to remove the wheels from the motor grader 
and to remove the tires from the wheels. 

b. Disassembly. Partial disassembly of 
the wheels is accomplished when wheels are 
removed from the motor grader. Disassemble 
the remainder of wheel components in the nu- 
merical sequence as illustrated on figure 8- 
1. Discard all gaskets and preformed pack- 
ings after removal. 

Note. The quantities listed are for one wheel. Where 
components are part of the front or rear wheel only, it 
will be indicated in parenthesis after the part. 

c. Cleaning. Clean all metal parts in clean- 
ing compound, solvent (Spec. P-S-661) and 
dry thoroughly with compressed air. 
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1 Nut (9 rqr, front •wheel) (8 rqr, rear wheel) 

2 Rim damp (9 rqr, front wheel) (8 rqr, rear -wheel) 
8 Screw, cap, hex-hd, 7/16-14 X 1 in. (3 rqr) (front 

wheel only) 

4 Washer, lock, 7/16 in. (3 rqr) (front wheel only) 
i6 Hub cap (front wheel only) 

6 Cap gaaket (front wheel only) 

7 Nut, lock, 6/16 in. (front wheel only) 

8 Screw, cap, hex-hetd, 6/16-18 X 2 7/8 in. 

(front wheel only) 

9 Nut, drilled (front wheel only) 

10 Pin, cotter (rear wheel only) 

11 Nut, slotted, 6/16 in. (rear wheel only) 

12 Front wheel 


13 Tandem front wheel (w/brake drum) 

14 Tandem rear wheel 

16 Stud (9 rqr, front wheel) (8 rqr, rear -wheel) 

16 Lubrication fitting (front wheel only) 

17 Felt retainer (front wheel only) 

18 Roller bearing (front wheel only) 

19 Outer bearing cup (front wheel only) 

20 Inner bearing cup (front wheel only) 

21 Tire -valve 

22 Wheel flange 

23 Preformed packing 

24 Lock ring 
26 Rim base 


Figure 8-^1 — Continued. 


Warning: The solvent is highly inflam- 
mable. Do not use solvent near an open flame. 

d. Inspection and Repair, 

(1) Inspect all parts for wear and dam- 
age. 

(2) Check all parts against tolerances 
listed in Table 1-1. Replace all 
parts that do not conform to repair 
and rebuild standards. 

(3) Inspect bearing cups and surfaces 
in wheels for scoring, nicks, and 
wear. 

(4) Replace all worn or damaged parts. 

e. Reassembly. Reassemble the wheels in 
reverse of numerical sequence as illustrated 
on figure 8-1 and the following instructions. 

(1) Press inner and outer bearing cups 
(19 and 20) into wheel until seated 
in bottom of counter bore in wheel. 

(2) Press felt retainer (17) into bore un- 
til seated against cup. 

/. Installation. Refer to TM 5-3805-237- 
12 to install the wheels and to the following 
instructions. 

Note. The foUo-wing instructions apply -to the front 
wheels only. 

(1) Install wheel bearing nut (9) and 
tighten. Attach a spring scale to a 
wheel stud. Tighten nut until a pull 
of 10 to 20 pounds is necessary to 
turn wheel. 

(2) Install screw (8) and nut (7) through 
nut and axle. If hole in nut does not 
line up with hole in axle, loosen nut 
to aline holes. 

(3) Refer to TM 5-3806-237-12 to in- 
stall wheel rim base and tires. 


8-5. Wheel Brake Hydraulic Lines 

a. General. The brakes in the tandem front 
wheels are actuated by depressing the brake 
pedal (fig. 8-2) in the cab. Depressing the 
pedal increases the pressure in the brake mas- 
ter cylinder. This pressure flows to the wheel 
cylinders through brake hydraulic lines. The 
lines are mounted on the frame and tandem 
housings. Removal of brake lines is accom- 
plished by removing the clamps and discon- 
necting the lines. 

b. Removal. Remove the brake hydraulic 
lines in numerical sequence as illustrated in 
figure 8-3. 

c. Cleaning. Clean all tube assemblies in 
cleaning compound, solvent (Spec. P-S-661) 
and dry with compressed air. Clean hose as- 
semblies with compressed air. 

Warning: The solvent is highly inflam- 
mable. Do not use solvent near an open flame. 

d. Inspection and Repair. 

(1) Inspect all tube assemblies for 
cracks, bent condition, and evidence 
of leakage. 

(2) Inspect hose assemblies for cracks, 
breaks, and deterioration. 

(3) Inspect fittings for cracks and dam- 
aged threads. 

(4) Replace all damaged parts. 

e. Installation. Refer to figure 8-3 and in- 
stall the brake hydraulic lines. Refer to TM 
5-3805-237-12 and fill master cylinder and 
bleed brake hvdraulic svstem. 
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Figure 8-2. Brake Linkage, operational mew. 


8-6. Brake Assembly 

a. General. The brake assemblies are of 
the expanding shoe type and are self-adjust- 
ing. Due to the nature of the motor grader 
operation the wear on the shoes must be 
checked periodically. The wheel cylinders 
must be inspected thoroughly when brakes are 
disassembled. 

b. Removal. 

(1) Refer to paragraph 8-5 and discon- 
nect tube assembly from brake as- 
sembly. 


(2) Refer to paragraph 4-2 and r( 
brake assembly from tandem a 
bly. 

c. Disassembly. 

(1) Disassemble the brake assemb 
numerical sequence as illustrat 
figure 8-4. 

Note. The brake assemblies are i 
left and right hand tandems. The 
blies differ in that the adjusting 
and cables are connected to the real 
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(2) Disassemble the wheel cylinder as- 
sembly in the numerical sequence as 
illustrated on figure 8-5. 

d. Cleaning. 

(1) Clean all metal parts (except brake 
lining and cylinder cups and boots) 
in cleaning compound, solvent 
(Spec. P-S-661) and dry thorough- 
ly with compressed air. 

Warning: The solvent is highly 
inflammable. Do not use solvent near 
an open flame. 

(2) Clean cylinder cups and boots in hy- 
draulic fluid (HBA). 

e. Inspection and Repair. 

(1) Inspect brake shoes and linings for 
wear and damage. Replace shoes 
when lining is worn to within 1/32 
to 1/16 inch of the closest rivet head. 

(2) Check springs for weak or broken 
condition. Replace all defective 
springs. 

(3) Inspect backing plate for cracks, 
dents and deformation. 

(4) Inspect brake wheel cylinder parts 
for wear, scoring, and damage, partic- 
ularly on pistons and body. Inspect 
boots for deterioration. 

(5) Replace all damaged, worn, and de- 
fective parts. 

/. Reassembly. 

(1) Reassemble the wheel cylinder as- 
sembly in reverse of the numerical 
sequence as illustrated on figure 8- 
5. 

(2) Reassemble the brake assembly in 
reverse of the numerical sequence as 
illustrated on figure 8-4 and the fol- 
lowing instructions. 

(3) Install anchor pins (29) with the 
arrows on pins pointing toward 
each other. Tighten nuts (27) snug. 

Note. Aaichor pins must be free to rotate 
for adjustment. 

(4) Cable guide (11) is held in place by 
return spring (9). 

(5) Lubricate threads on adjusting screw 
(21) and nut (23) before installing. 

(6) Install shoe connecting spring (24) 
with hooks on spring toward bottom 
of brake 55b oea. 


(7) When installing cable (10), cable 
must be in groove of cable guide and 
must not be twisted or kinked. 

(8) After installing adjusting lever (13), 
disengage lever, and turn adjusting 
screw out until approximately six 
threads are showing. Engage end of 
adjusting lever with sprocket on ad- 
justing screw. 

g. Installation. 

(1) Refer to paragraph 4-2 and install 
brake assembly on tandem housing. 

Note. Check rear of backing plate. The 
letter R or the letter L stamped after the 
number indicates right and left hand brake 
assemblies. 

(2) Refer to paragraph 8-5 and connect 
brake hydraulic lines to the brake 
assemblies. 

(3) Refer to TM 5-3805-237-12 to fill 
and bleed the brake hydraulic sys- 
tem. 

h. Adjustment. 

(1) Open four adjusting slot covers on 
rear of backing plate as shown in 
figure 8-6. 

(2) Insert an 0.010 inch thick feeler gage 
in each lower adjusting slot. 

Note. Feeler gage must be between 
Kning and brake drum. 

(3) Insert flat tool or screw driver in 
slot in backing plate to engage 
sprocket on adjusting screw (21, 
fig. 8-4). 

(4) Tighten adjusting screw by pulling 
down on tool until lining produces 
a slight drag on feeler gage when 
gage is moved. 

Note. If adjusting screw is drawn up toe 
tight, sprocket will lock against adjusting 
lever. Wheel must be removed to release 
lever. 

(5) Remove tool from slot. Tap brake 
drum lightly to center brake shoes 
in drum. 

(6) Insert two 0.010 inch feeler gages ir 
upper adjusting slots, with feelei 
gage between brake lining and 
drum. 

(7) Tighten upper end of brake lining 
by rotating anchor pins. Rotate righi 
anchor pin in a clockwise direction 
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1 Screw, cap, hex-hd, 6/16-18 X 1/2 in. (4) 

2 Washer, lock, 6/16 in. (4) 

3 Clamp (4) 

4 Screw, cap, hex-hd, 5/16-18 X 1/2 in. (3) 

6 Washer, lock, 6/16 in. (3) 

6 Clamp (3) 

7 Hose assembly (2) 

8 Tube assembly, LH 

9 Tube assembly (2) 

Figure 8S- 


10 Tube assembly, RH 

11 Hose union (2) 

12 Nut, jam (2) 

13 Screw, cap, hex-hd, 3/8-16 X 1 1/2 in. (2) 

14 Nut, 3/8-16 (2) 

16 Washer, lock, 3/8 in. (2) 

16 Tee bracket 

17 Axle tee 


•Continued. 


left anchor pin in a counterclockwise 
direction to move brake shoes closer 
to drum. 

(8) Tig'hten anchor pins until a slight 
drag is felt on feeler gages when 
gages are moved. 

(9) Check 0.010 inch gages in lower 
slots to insure clearance as estab- 
lished above is maintained. Adjust 
if necessary. 

(10) After establishing correct clearances 
at all four points, remove gages and 
close adjusting slot covers. 

(11) Hold anchor pins in position with 
wrench on flats of pin. Tighten an- 
chor pin lock nuts to a torque of 400 
to 440 foot pounds. 

i. Road Test. To insure complete lining 
contact with brake drums, run-in brakes as 
follows: 

(1) Start and operate motor grader (TM 
5-3805-237-12). 

(2) Operate motor grader at half-throttle 
in low gear. Apply brakes firmly 
for approximately 10 seconds. Re- 
lease brakes completely for 15 sec- 
onds. Depress brake pedal and hold 
for 10 more seconds and release. 

(3) Repeat application of brakes 25 to 
30 times. If brakes tend to over- 
heat, allow a longer time between 
applications. 

(4) Allow brakes to cool after run-in 
and adjust brakes {h above). 

8-7. Brake Linkage 

a. General. Pressure on the brake pedal 
moves a linkage attached to the brake master 
cylinder. The linkage is mounted on a cross 


shaft beneath the cab. The shaft is also used 
as a pivot for the clutch linkage. 

h. Removal. Remove the brake linkage in 
the numerical sequence as illustrated on fig- 
ure 8-7. 

c. Cleaning. Clean all accumulated dirt 
and grease from linkage parts. 

d. Inspection and Repair. 

(1) Check return spring for weak or brok- 
en condition. 

(2) Inspect all parts of linkage for dam- 
age. 

(3) Inspect bearings for wear and scor- 
ing. 

(4) Replace all defective, worn, or dam- 
aged parts. 

e. Installation. 

(1) Install the brake linkage in reverse of 
the numerical sequence as illustrated 
on figure 8-7. 

(2) Refer to TM 5-3805-237-12 for ad- 
justment of the brake linkage. 

8—8. Brake Master Cylinder 

a. General. Hydraulic pressure to apply 
the brakes is supplied by the master cylinder 
(fig. 8-7). Movement of the brake linkage 
forces a piston in the cylinder against a re- 
turn spring 'in the cylinder. As the piston 
moves in the cylinder it closes an oil return 
port. Fluid trapped in the cylinder is forced 
out thro-ugh the brake hydraulic lines under 
pressure. The fluid enters the center of the 
wheel cylinder, moving the two pistons out- 
ward. Links connected to the top of the brake 
shoes are forced against the shoes and the lin- 
ings contact the brake drums. 

b. Removal. Refer to TM 5-3805-237-12 
to remove the master cylinder from the motor 
grader. 
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1 Screw, cap, hex-M, (6) 

2 Washer, lo^, (10) 

3 Screw, cap, hex-hd, (4) 

4 Screw, cap, hex-hd, 6/16-18 X 3/4 in. (2) 

5 Washer, lock, 5/16 in, (2) 

6 Wheel cylinder assembly 

7 Adjuster spring (blue) 

8 Front return spring (red) 

9 Rear return spring (black) 

10 Automatic adjusting cable 

11 Cable guide 

12 Reinforcement plate 

13 Adjusting lever 

14 Pin, cotter, ,6/32 X 3/4 (4) 

16 Spring cup (8) 


16 Hold-down spring (4) 

17 Pin (4) 

18 Pin, cotter, 6/32 X 1 1/4 (2) 

19 Plain pin 

20 Grooved pin 

21 Adjust screw (BH and LH) 

22 Screw socket 

23 Pivot nut (RH and LH) 

24 Shoe connecting spring 
26 Rear shoe 

26 . Front shoe 

27 Nut (2) 

28 Washer, lock (2) 

29 Anchor pin (2) 

30 Backing plate 

Figure S-i- — Continued. 
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1 Bleeder screw 

2 Screw 

3 Screw gasket 

4 Fitting 

5 Fitting gasket 

6 Connecting link (2 rqr) 

7 Boot retaining strap (2 rqr) 

8 Boot (2 rqr) 

9 Piston (2 rqr) 

10 Spring cup (2 rqr) 

11 Return spring 

12 Cylinder body 
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Figure 8-5. Wheel cylinder assembly, exploded ^iew. 


c. Disassembly. Disassemble the brake 
master cylinder in the numerical sequence as 
illustrated on figure 8-8. 

d. Cleaning. Clean all metal parts in clean- 
ing compound, solvent (Spec. P-S-661) and 

j-./.,.- 4-1, 


Warning: The solvent is highly inflam- 
mable. DO NOT USE SOLVENT NEAR AN 
OPEN FLAME. 

e. Inspection and Repair. 

(1) Inspect boot for deterioration and 

/I n w-i o n'/% rNQv+ioiilo vlvr ITI 
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Extend and retract boot by hand to 
check flexibility. Keplace boot if not 
in serviceable condition. 

(2) Inspect piston and cylinder bore for 
scoring, scratches, and wear. 

(3) Replace all worn, damaged, or un- 
serviceable parts. 

/. Reassembly. Reassemble the master 
cylinder in reverse of the numerical sequence 
as illusitrated on figure 8-8. 
g. Installation. 

(1) Refer to TM 5-3805-237-12 and in- 
stall the master cylinder on the mo- 
tor grader. 


(2) Refer to TM 5-3805-237-12 and fill 
master cylinder and bleed brake sys- 
tem. 

(3) After installation, move push rod 
into master cylinder by hand. Push 
rod should move approximately 
1/32 inch before contacting piston. 
This distance is required to prevent 
blocking of the bypass port in the 
cylinder. 

(4) To adjust travel of the push rod, 
shorten or lengthen distance between 
push rod and clevis in brake linkage. 


TOP OF 

BRAKE 

ASSEMBLY 


RIGHT 

ANCHOR 

PIN 


NOTE DIRECTION OF 
ARROWS ON ANCHOR 
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Figure 8-6. Brake adjustment, schematio view. 
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1 Screw, cap, hex-hd, 3/8-16 X 1 1/2 in. 

2 Nut, 3/8-16 

3 Washer, lock, 3/8 in. 

4 Pedal pad 

6 Return spring 

6 Screw, cap, hex-hd, 5/16-18 X 2 in. 

7 Nut, 6/16-18 

8 Washer, lock, 5/16 in. 

9 Angle bracket 

10 Pin, cotter, 1/8 X 3/4 in. 

11 Pin 

12 Brake lever 

13 Lubrication fitting 

14 Screw, cap, hex-hd, 1/2-13 X 3 1/4 in, (2) 

15 Washer, lock, 1/2 in. (2) 

16 Bearing, cap 

17 Bearing base 

18 Shim 

19 Sleeve bearing 

20 Screw, cap, hex-head, 1/2-13 X 1 1/2 in. (3) 

21 Washer, lock, 1/2 in. (3) 

Figure 8—7. Brake 


22 Shaft support 

23 Shim 

24 Pin, cotter, 1/8 X 3/4 in. 

26 Clutch linkage lever 

26 Shim 

27 Washer 

28 Pin, cotter 

29 Clevis pin 

30 Nut, jam, 7/16-20 (2) 

31 Clevis 

32 Cylinder rod 

33 Pin, cotter, 1/8 X 3/4 in. 

34 Pin 
36 Lever 

36 Cross shaft 

37 Lubrication fitting 

38 Screw, cap, hex-hd, 3/8-16 X 3 1/2 in. 

39 Nut, 3/8-16 

40 Washer, lock, 3/8 in. 

41 Sleeve bearing 

42 Master cylinder 

linkage, exploded view. 
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1 

Stop light switch 

14 

Boot strap 

2 

Pitting 

16 

Push rod 

3 

Screw, cap, hex-hd, 3/8-16 X 1 1/4 in. (3) 

16 

Boot strap 

4 

Nut, 3/8-16 (3) 

17 

Boot 

5 

Washer, loch, 3/8 in. 

18 

Stop wire 

6 

Fitting 

19 

Piston stop 

7 

Gasket 

20 

Piston 

8 

Double outlet fitting 

21 

Cup retainer 

9 

Gasket 

22 

Piston cup 

10 

Plug 

23 

Piston spring 

11 

Gasket 

24 

Check valve 

12 

Filler cap 

25 

Cylinder housing 

13 

Gasket 




Figure 8-8. Brake master cylinder, exploded mew. 



8-9. General 

a. The front axle supports the front of the 
motor grader and mounts the front wheels. A 
vibrating bar and front lean wheel gear as- 
sembly are mounted on the axle to provide the 
leaning wheel feature for guiding the motor 
grader. 

h. The axle is supported by the front 
bolster plate in the center and pinned to the 
spindle forks on each end. 

c. The tie rods and drag links connect the 
two spindle forks to the steering gear assem- 
bly. 

8-10. Tie Rods and Associated Parts 

a. Removal. 

(1) Refer to TM 5-3805-287-12 and re- 
move the tie rods, steering arm, drag 
links from the motor grader. Remove 
front wheels from spindles. 

(2) Refer to paragraph 2-37 and remove 
front lean wheel gear assembly and 
vibrating bar. 

(3) Place a jack or blocking beneath the 
front axle to support motor grader. 

(4) Remove the remainder of parts 
from the motor grader in the numer- 
ical sequence as illustrated on fig- 
ure 8-9. 

Note. Figure 8-9 illustrates parts for one 
end of the motor grader front axle. The 
quantities given are for both ends. 

h. Cleaning. Clean all metal parts in 
cleaning compound, solvent (Spec. P-S-661) 
and dry thoroughly with compressed air. 

Warning: The solvent is highly inflam- 
mable. Do not use solvent near an open flame. 

c. Inspection and Repair. 

(1) Inspect all parts for wear and dam- 
age. 

(2) Check all parts against tolerances 
listed in Table 1-1. . Replace all 
parts not conforming to repair and 
rebuild standards. 

(3) Inspect boot for tears, damage, and 
deterioration. 

(4) Replace all worn or damaged parts. 


d. Installation. 

(1) Install the parts in reverse of the 
numerical sequence as illustrated on 
figure 8-9 and the following in- 
structions. 

(2) Heat spindle bushing (32) in oil to 
350 °F and install on lower end of 
spindle. 

(3) Install seal washer (35) and closure 
washer (34) on spindle. Heat roller 
bearing (33) to 350° and install on 
spindle. Hold bearing under pres- 
sure until it sets. 

(4) Install spindle, with attached parts, 
in spindle fork. Install seal washer 
(28) and closure washer (27). Lug 
on closure washer must be on flat sur- 
face on spindle. 

(5) Install spindle lower bearing (25) 
and screws (23). Do not install 
lockwashers (24) or fully tighten 
capscrews at this time. 

(6) Install key (15) in drag link (14) 
and drive drag link into spindle. Se- 
cure drag link with slotted nut (13) 
and cotterpin (10). 

(7) Tighten screws (23) until spindle 
cannot be moved by pulling on drag 
link. 

(8) Measure gap between spindle lower 
bearing (25) and spindle fork with a 
feeler gage. Count split shims (26) 
to fill the gap. 

(9) Remove lower bearing and install 
correct amount of shims, lower bear- 
ing, screws, and lockwashers. Tight- 
en screws. Hook a spring scale to 
drag link and tighten screws until a 
pull of 4 to 8 pounds is required to 
move spindle. Tap down on spindle 
with a soft hammer to be sure bear- 
ing is free. 

(10) Install felt washer (31), spacer (30) 
and roller bearing (29) on spindle. 
Hole in spacer must engage dowel 
pin and felt washer must fit on 
shoulder of spacer. 


8-13 


TM 5-3805-237-35 



1 Boot 

2 Lubrication fitting 

3 Screw, cap, hex-head, 1/2-! / X 3 in. (6) 

4 Nut, 1/2^13 (6) 

6 Washer, lock, 1/2 in. (10) 

6 Shim 

7 Nut, jam 1 1/4 (2) 

8 Washer, lock, 1 1/4 in. (2) 

9 Tie rod end (2) 

10 Pin, cotter, 1/8 X 1 1/2 in. (4) 

11 Slotted nut (2) 

12 Washer (2) 

13 Slotted nut (2) 

14 Drag link (2) 

15 Key (2) 

16 Bushing 

17 Nut, 1/2 X 13 (4) 

18 Washer, lock, 1/2 in. (4) 

19 Pin (4) 

20 Swivel block (2) 

21 Lubrication fitting (2) 

22 Tie rod, w/yoke (2) 

23 Screw, cap, hex-head, 3/8-16 X 1 3/8 in. (12) 

24 Washer, lock, 3/8 in. (12) 

26 Spindle lower bearing (2) 

26 Shim 


27 Closure washer (2) 

28 Seal washer (2) 

29 Roller bearing (2) 

30 Spacer (2) 

31 Felt washer (2) 

32 Bushing (2) 

33 Roller bearing (2) 

34 Closure washer (2) 

35 Seal washer (2) 

36 Dowel pin (2) 

37 Spindle (2) 

38 Pin, cotter, 3/8 X 2 1/2 in. (2) 

39 Slotted nut (2) 

40 Screw, cap, hex-head, 3/8-16 X 1 1/2 in. (2) 

41 Nut, 3/8-16 (2) 

42 Washer, lock, 3/8 in. (4) 

43 Lubrication fitting (2) 

44 Spindle fork pin (2) 

45 Lubricating fitting 

46 Fork upper bushing (4) 

47 Fork lower bushing (4) 

48 Bearing cup (2) 

49 Spindle fork (2) 

60 Pin (4) 

61 Socket (2) 
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(11) Refer to TM 6-3806-237-12 and in- 
stall tie rods and steering arm on 
grader. 

(12) Refer to paragraph 2-37 and install 
front lean wheel gear assembly and 
vibrating bar on axle. 

(13) Refer to TM 6-3805-237-12 and in- 
stall wheels on grader. Pack bear- 
ings and spindle with wheel bear- 
ing grease (WB) before installation. 

8-1 1 . Front Axle 

a. Removal. 

(1) Refer to TM 5-3805-237-12 and re- 
move front wheels, tie rods, and 
drag links. 

(2) Refer to paragraph 2-37 and remove 
the vibrating bar and front lean 
wheel gear assembly. 

(3) Refer to paragraph 8-10 and remove 
the spindle forks. 

(4) Support the grader frame and bolster 
plate with the moldboard or jacks 
and blocking. 

(6) Remove the front axle in the numeri- 
cal sequence as illustrated on figure 
8-10. Items 1 through 31 were re- 
moved with the vibrating bar. 

b. Cleaning. Clean all parts in cleaning 
compound, solvent (Spec. P-S-661) and dry 
thoroughly with compressed air. 


Warning: The solvent is highly inflam- 
mable. Do not use solvent near an open flame. 

c. Inspection and Repair. 

(1) Inspect all parts for wear and dam- 
age. 

(2) Inspect working surfaces of links and 
pins for scoring and wear. 

(3) Check all threads for serviceability. 

(4) Replace all worn, damaged, or un- 
serviceable parts. 

d. Installation. 

(1) Install front axle bushings, tube, 
bolster pin and front axle on the 
motor grader in reverse of the nu- 
merical sequence as illustrated on 
figure 8-10. Install one shim (86) 
between axle and front bolster 
plate. Install remaining shims (87) 
between axle and rear bolster plate. 

(2) Refer to paragraph 8-10 and install 
the spindle forks. 

(3) Refer to paragraph 2-37 and install 
the vibrating bar and front lean 
wheel gear assembly. 

(4) Refer to TM 5-3805-237-12 and 
install the tie rods, steering arm, 
drag links, and front wheels on the 
motor grader. 

e. Adjustment. Refer to TM 6-3805-237- 
12 and adjust the caster and camber of the 
front wheels. 
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1 

Lubrication fitting (2) 

22 

Washer, lock, 3/4 in. 

2 

Pin, cotter, 3/16 X 2 1/4 in. 

23 

Shim 

3 

Nut, slotted, 1/2-13 

24 

Stud 

4 

Shoulder bolt 

25 

Gear rack 

5 

Lock nut 

26 

Vibrating bar 

6 

Vibrating link 

27 

Screw, cap, hex-hd (4) 

7 

Screw, cap, hex-hd, 3/4-10 X 4 in. (2) 

28 

Nut, tapered (4) 

8 

Washer, lock, 3/4 in. (2) 

29 

Nut, anchor 

9 

Anchor bracket 

30 

Washer, lock 

10 

Shim 

31 

Screw, anchor 

11 

Lubrication fitting 

32 

Screw, cap, hex-hd, 1/2-13 X 1 ii^' 

12 

Screw, cap, hex-hd, 3/8-16 X 1 1/2 in. (2) 

33 

Washer, lock, 1/2 in. 

13 

Nut, 3/8-16 (2) 

34 

Lubrication fitting (2) 

14 

Washer, lock, 3/8 in. (2) 

35 

Bolster Pin 

16 

Pin, cotter,5/32 X 1 1/2 in. (2) 

36 

Shim 

16 

Nut, slotted, 3/4-16 (2) 

37 

Shim 

17 

Washer, flat, 3/4 (4) 

38 

Tube 

18 

Vibrating bar pin (2) 

39 

Bushing (2) 

19 

Nut, 3/4-10 

40 

Front axle 

Oft 

0 /A 


R^rew, cap, hex-hd, 1/2-13 X 3 1/4 in. 
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CHAPTER 9 

FRAME UNIT COMPONENT REPAIR INSTRUCTIONS 


Section I. CONTROL SHAFTS 


9-1. General 

a. The basic support for the motor grader 
is the Y shaped frame. Most of the compo- 
nents are mounted to, and supported by the 
frame. Special provisions in the frame con- 
struction permit installation of the operating 
parts and allow moldboard movements 
through pivot points built into the frame. 

b. The components covered in this section 
include the control shafts, with the exception 
of the steering control shaft, the scarifier, 
moldboard, moldboard circle, and the draw- 
bar. 

9-2. Control Shafts 

a. Removal. 

(1) Remove the lateral shift control 
shaft in the numerical sequence as 
illustrated in figure 9-1. 

(2) Remove the moldboard lift control 
shafts in the numerical sequence as 
dllusitrated in figure 9-2. 

Note. The quantities given are for one 
control shaft. Repeat for second shaft. 

(3) Remove the circle reverse conitrol 
shaft in the numerical sequence as 
.illustrated on figure 9-3. 

(4) Remove the scarifier lift control 
shaft in the numerical sequence as 
illustrated on figure 9-4. 

(5) Remove the front lean wheel control 
shaft in the numerical sequence as il- 
lustrated on figure 9-5. 


b. Cleaning. Clean all metal parts in clean- 
ing compound, solvent (Spec. P-S-661) and 
dry thoroughly with compressed air. 

Warning: The solvent is highly inflam- 
mable. Do not use solvent near an open flame. 

c. Inspection and Repair. 

(1) Inspect shafts for bent condition and 
damage. 

(2) Check all universal joints for good 
condition and proper operation. 

(3) Inspect bearings and bearing caps 
for wear and evidence of binding. 

(4) Straighten bent shafts, if possible. 

(5) Replace all worn or damaged parts. 
Replace universal joints which do 
not operate properly. 

d. Installation. 

(1) Install the front lean wheel control 
shaft in reverse of the numerical se- 
quence as illustrated on figure 9-5. 

(2) Install the scarifier lift control shaft 
in reverse of the numerical sequence 
as illustrated on figure 9-4. 

(3) Install the circle reverse control 
shaft in reverse of the numerical se- 
quence as illustrated on figure 9- 
3. 

(4) Install the moldboard lift control 
shaft in reverse of the numerical se- 
quence as illustrated on figure 9- 

2 . 

(5) Install the lateral shift control shaft 
in reverse of the numerical sequence 
as illustrated on figure 9-1. 
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5 Needle bearing (8 rqr) 

6 Journal (2 rqr) 

7 Yoke (pinned) 

8 Yoke, w/ shaft 

9 Key, woodruff 

10 Yoke, w/shaft 

11 Yoke (clamp) 

MEC 3805-237-35/9- 


Figure 9-1. Lateral 'shift control shaft, exploded view. 
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1 Pin 

2 Screw, cap, hex- head, 3/8-16 

X 2 in. (2 rqr) 

3 Washer, lock, 3/8 m. (2 rqr) 

4 Bearing cap 

5 Screw, cap, hex- head, 7/16-20 

X 1-3/4 in. (3 rqr) 

6 Nut, 7/16-20 (3 rqr) 

7 Retaining ring (12 rqr) 

8 Needle bearing (12 rqr) 

9 Journal (3 rqr) 


10 Yoke (pinned) 

11 Yoke (clamp) 

12 Key, woodruff 

13 Yoke, w/ shaft 

14 Lubrication fitting 

15 Bearing 

16 Yoke 

17 Key, woodruff 

18 Yoke, w/shaft 

19 Yoke (clamp) 

MEC 3805-237-38/9-2 


Figure 9-2. Moldboard lift control shaft, exploded view. 
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1 Pin 

2 Screw, cap, hex- head, 3/8-16 

X 2 in. (4 rqr) 

3 Washer, lock, 3/8 in. (2 rqr) 

4 Bearing cap (2 rqr) 

5 Screw, cap, hex-head, 7/16-20 

X 1-3/4 in. (4 rqr) 

6 Nut, lock, 7/16-20 (4 rqr) 

7 Retaining ring (16 rqr) 

8 Needle bearing (16 rqr) 

9 Journal (4 rqr) 


10 Yoke (pinned) 

11 Yoke (clamp) (3 rqr) 

12 Yoke (clamp) (square shaft) 

13 Key, woodruff (2 rqr) 

14 Lubrication fitting (2 rqr) 

15 Bearing (2 rqr) 

16 Yoke, w/sh^t 

17 Yoke, w/ shaft 

18 Lubrication fitting 

19 Yoke, w/ square shaft 

20 Square shaft 
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Figure 9-S. Circle >reverse control shaft, exploded view. 
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1 Pin 

2 Retaining ring (12 rqr) 

3 Needle bearing (12 rqr) 

4 Journal (3 rqr) 

5 Yoke (pinned) 

6 Slip yoke 

7 Keys, woodruff 

8 Yoke, w/shaft 


9 Lubrication fitting 

10 Bearing 

11 Yoke, w/shaft 

12 Screw, cap, hex-head, 7/16-20 

X 1-3/4 in. (2 rqr) 

13 Nut, lock, 7/16-20 (2 rqr) 

14 Key, woodruff (2 rqr) 

15 Yoke (clamp) (2 rqr) 


MEC 3805-237-35/9 


Figure 9-A. Scarifier lift control 'shaft, exploded view. 



1 Screw, cap, hex- head, 3/8-16 

X 2 in. (6 rqr) 

2 Washer, lock, 3/8-16 

3 Bearing cap 

4 Retaining ring (20 rqr) 

5 Needle bearing (20 rqr) 

6 Journal (5 rqr) 

7 Pin 

8 Screw, cap, hex- head, 7/16-20 x 

1-3/4 in. (5 rqr) 

9 Nut, lock, 7/16-20 (5 rqr) 


10 Yoke (pinned) 

11 Yoke (clamp) (4 rqr) 

12 Key, woodruff (3 rqr) 

13 Yoke, w/shaft 

14 Lubrication fitting (3 rqr) 

15 Bearing (3 rqr) 

16 Yoke, w/shaft 

17 Yoke, w/shaft 

18 Yoke, w/ square shaft 

19 Yoke (clamp) (square) 

20 Square shaft 
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Figure 9-5. Front lean wheel control shaft, exploded •view. 


Section II. MOLDBOARD 


►-3. General 

a. The primary operation of the motor 
grader is grading with the moldboard. The 
noldboard can be set at almost any angle to 


the frame and can be lifted up on either side 
to perform bank sloping. 

h. The moldboard is equipped with a blade 
and boots that can be replaced. They are the 
wear points on the moldboard and will require 
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periodic inspection to determine their service- 
ability. 

9-4. Moldboard 

a. Removal. 

(1) Refer to paragraph 7-23 and re- 
move the moldboard shift cylinder. 

(2) Remove the moldboard in the nu- 
merical sequence as illustrated on 
figure 9-6. 

(3) Place blocks to support moldboard. 
Remove two nuts (1), two locks (2), 
two cotter pins (3) and two nuts (4). 

(4) Operate motor grader (TM 5-3805- 
237-12) and raise moldboard slight- 
ly to disengage tilt plates (5 and 6) 
from moldboard circle. 

Note. Cut welds to free pivot bolts (7) 
and pitch adjusting bolts (8) from mold- 
board circle and pry tilt plates away from 
circle. 

(5) Move motor grader to the rear to 
free moldboard. 

(6) Slide tilt plates from moldboard 
slide bar. 

(7) Remove blades and boots from 
moldboard. 

b. Cleaning. Clean all dirt, mud, and de- 
bris from moldboard parts. 


c. Inspection and Repair. 

(1) Inspect boots and blades for wear, 
cracks, mutilation, and other dam- 
age. 

(2) Inspect moldboard slides and cylinder 
ball for wear and damage that could 
cause restriction to movement. 

(3) Inspect moldboard for cracks and 
damage, paying particular attention 
to the areas around the plow bolt 
holes. 

(4) Inspect tilt plates for cracks and 
damage. Check locking teeth for 
chipping and broken teeth. Check 
ball on right hand tilt plate for any 
damage that might restrict cylinder 
movement. 

d. Installation. 

(1) Install the moldboard and compo- 
nents in reverse of the numerical se- 
quence as illustrated on figure 9-6. 

(2) After installation of tilt plates, weld 
pivot bolts and pitch adjusting bolts 
to moldboard circle. Weld only in 
one spot to secure bolts. 

(3) Refer to paragraph 7-23 and install 
moldboard cylinder. 

(4) Refer to TM 5-3805-237-12 to ad- 
just pitch of moldboard. 
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1 Nut (2) 

2 Adjustment lock (2) 

3 Hn, cotter, 3/16 X 2 1/2 in. (2) 

4 Nut, slotted, 1 1/2-6 (2) 

5 Tilt plate, RH 

6 Tilt plate, LH 

7 Pivot bolt (2) 

8 Pitch adjusting bolt (2) 

9 Lubrication fitting (2) 


10 Plow bolt (14) 

11 Plow bolt (2) 

12 Nut (16) 

13 Blade (2) 

14 Plow bolt, 3/4-10 X 2 1/4 in. (8) 

15 Nut, 3/4-10 (8) 

16 Boot (2) 

17 Moldboard 

18 Moldboard circle 


Figure 9-6. Moldboard and tilt plates, exploded view. 
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Section III. MOLDBOARD CIRCLE AND DRAWBAR 


9-5. General 

a. The moldboard circle supports the 
moldboard and is mounted below the draw- 
bar. Three sets of adjusting and wear plates 
mount the circle on the drawbar. The lower 
portion of the circle is a large ring gear with 
teeth matching the circle reverse gear assem- 
bly drive gear. 

b. The drawbar is supported by the mold- 
board lift and lateral shift links at the rear 
and a ball and socket arrangement into the 
frame at the front. Rotation of the drawbar 
in this ball and socket allows tilting of the 
blade. 

9-6. Moldboard Circle and Drawbar 

a. Removed. 

(1) Refer to paragraph 2-35 and remove 
the circle reverse transfer housing 
and circle reverse gear assembly. 

(2) Refer to paragraph 7-22 and remove 
the rotary valve, tubing, and hoses 
from draw'bar. 

(3) Refer to paragraph 9-4 and remove 
the moldboard. 

(4) Attach a suitable hoist or place a 
dolly under the moldboard circle. 
Refer to figure 9-7 and remove wear 
plates, adjusting plates, and retain- 
ing plate from drawbar and circle 
and remove moldboard circle. 

(5) Place supports under the moldboard 
circle and refer to TM 5-3805-237- 
12 and remove the moldboard lift 
and shift links. 

(6) Support the front of the drawbar 
and remove ball and socket mount- 
ing bolts as shown in figure 9-8. 

(7) Using a suitable hoist or dolly re- 
move drawbar from motor grader. 

h. Disassembly, Disassemble remainder of 
drawbar and circle parts in the numerical se- 
quence as illustrated in figure 9-9. Disassem- 
ble the moldboard shift and lift dinks in the 
numerical sequence as illustrated on figure 9- 
10 . 

c. Cleaning. Clean all metal parts in clean- 
ing compound, solvent (Spec. P-S-661) and 


Warning: The solvent is highly inflam- 
mable. Do not use solvent near an open flame. 

d. Inspection and Repair. 

(1) Inspect moldboard circle for worn 
or broken gear teeth. 

(2) Inspect wear plates and retaining 
plates for excessive wear. 

(3) Inspect drawbar ball and link balls 
for wear or elongation. 

(4) Inspect link bearing caps for wear 
and multilation. 

(5) Replace all worn, damaged, muti- 
lated or elongated parts. 

Note. Wear plates and retaining plates 
can be reversed to provide new wearing 
surfaces. 

e. Reassembly. 

(1) Reassemble the lift and lateral shift 
links as far as necessary in reverse 
of the numerical sequence as illus- 
trated on figure 9-10. 

(2) Reassemble the drawbar and mold- 
board circle in reverse of the numer- 
ical sequence as illustrated on fig- 
ure 9-9. 

/. Installation. 

(1) Use a hoist or dolly and install draw- 
bar in position and refer to figure 
9-8 and install the drawbar ball and 
socket. 

(2) Use a hoist or dolly and place mold- 
board circle in position and refer to 
figure 9-7 and install the moldboard 
circle. 

(3) Refer to paragraph 9-4 and install 
the moldboard. 

(4) Refer to paragraph 7-22 and install 
the rotary valve, tubing, and hoses. 

(5) Refer to paragraph 2-35 and install 
the circle reverse gear assembly and 
transfer housing. 

(6) Refer to TM 5-3805-237-12 and in- 
stall the moldboard lift and lateral 
shift links. 

g. Adjustment For proper operation and 
a minimum of Wiear on the plates, the wear 
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SLOTTED 

NUT 


RETAINING 

PLATE 


MOLDBOARD 

CIRCLE 


ADJUSTING 

PLATE 


STEP 1. REMOVE THREE JAM NUTS, LOCK WASHERS, NUTS, 
AND SCREWS. REMOVE SIX WEDGES. 

STEP 2. REMOVE NINE COTTER PINS, SLOTTED NUTS, FLAT 
WASHERS, AND SCREWS. 

STEP 3. REMOVE THREE RETAINING PLATES, ADJUSTING 

PLATES, SHIMS, AND WEAR PLATES FROM DRAWBAR. 
STEP 4. REMOVE MOLDBOARD CIRCLE FROM MOTOR 
GRADER. 
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Figure 9~7. Moldboard circle, removal aTvd installation. 
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STEP K REMOVE LOCK WIRE FROM FOUR SCREWS. 

STEP 2. REMOVE FOUR MOUNTING SCREWS. 

STEP 3. REMOVE DRAWBAR FROM MOTOR GRADER. 

STEP 4, REMOVE COTTER PIN AND SLOTTED NUT 
AND REMOVE DRAWBAR BALL. 

STEP 5. REMOVE BEARING CAP AND SHIMS. COUNT 
NUMBER OF SHIMS. 

NOTE: WHEN INSTALLING DRAWBAR, INSTALL 
SUFFICIENT NUMBER OF SHIMS TO 
ALLOW BALL TO ROTATE FREELY WITHOUT 
BINDING. NO LESS THAN 0.090 INCH 
TOTAL SHIM THICKNESS SHOULD EVER 
BE INSTALLED. 
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Figure 9-8. Drawba/r ball and socket, removal and installation. 
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1 Pin, cotter, 6/32 X 1 1/2 in. (3) 

2 Nut, slotted, special (3) 

3 Washer, flat 7/8 in. (3) 

4 Screw, cap, hex-head, drilled (3) 

6 Retaining plate 

6 Shim 

7 Adjusting plate 

8 Wear plate 

9 Nut, jam, 5/8-11 (3) 

10 Washer, lock, 6/8 in. (3) 

11 Nut, 6/8-11 (3) 

12 Wedge (8) 

13 Wedge (3) 

14 Screw, cap, hex-head, 6/8-11 X 4 in. (3) 
16 Pin, cotter, 6/32 X 1 1/2 in. (6) 

16 Nut, slotted, special (6) 


17 Washer, flat, 7/8 in. (6) 

18 Screw, cap, hex-head, drilled (6) 

19 Retaining plate (2) 

20 Shim 

21 Adjusting plate (2) 

22 Wear plate (2) 

23 Moldboard circle 

24 Lock wire (2) 

26 Screw, cap, hex-head, drilled (4) 

26 Pin, cotter, 5/16 X 2 1/2 in. 

27 Nut, slotted, 1 1/2-12 

28 Drawbar ball 

29 Drawball bearing cap 

30 Shims 

31 Drawbar 


Figure 9-9 — Continued. 


the use of the shims. Clearance must be main- 
tained between the upper or wear plate and 
the top of the moldboard circle flange. 

(1) Refer to TM 5-3805-237-12 to op- 
erate the motor grader and raise the 
moldboard clear of the ground with 
the moldboard circle in a horizontal 
position. 

(2) Check clearance between wear plate 
and top of the flange. Vertical clear- 
ance should be 1/16 inch at all three 
points. 

(3) If clearance is not 1/16 inch, lower 
moldboard to the ground and re- 
move retaining plate (fig. 9-7). Add 
or remove shims between lower or 
retaining plate and adjusting plate 
to provide required clearance. 

Note. When it is impossible to achieve 
this clearance by removing shims, reverse 
position of retaining plate (plate unworn 
side against circle) and add shims as neces- 
sary to provide clearance. 

(4) Install plates (fig. 9-7) and adjust 
for hordzonta/l clearance. This can be 
adjusted with the wedges (fig. 9-7). 
In adjusting for -horizontal clear- 
ance, the mesh of the ring gear with 
the drive gear must be also adjusted. 

(5) Set the adjusting plates (fig. 9-7) 
at all three points so the circle can 
be rotated. 


(6) Note point at which drive gea: 
meshes deepest with ring gear 
Loosen jamnut (fig. 9-7) on fron 
and left adjusting plates. Mov 
wedges with adjusting nut until ad 
justing plates contact the circle 
Check clearance between drive gea: 
tooth and ring gear. Minimum clear 
ance is 3/16 inch between the top o 
the drive gear tooth and the botton 
of the tooth in the ring gear. 

(7) Use a 3/16 inch rod with two righ 
angle bends. Place one end of roi 
at top of teeth and other end at bot 
tom. Adjust plates by movinj 
wedges to obtain this clearance (fig 
9-11). 

(8) Check clearance between ring gea 
teeth and left side of circle revers 
gear assembly (fig. 9-11). Thi 
clearance must be at least 1/8 inch 

(9) This adjustment is accomplishes 
with the two rear adjusting plates 
Loosen the wedges on the right rea 
block. Tighten wedges on left rea 
block to push circle out. Check ad 
justment and tighten wedge jar 
nuts. 

(10) Check clearance between top or driv 
gear tooth and bottom of ring gea 
tooth. If adjustment has changec 
adjust with front and left plates a 
in (6) above to get this clearance. 
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Figure 9 10, Moldboard lift and shift links, exploded view. 
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1 SCreWi cap, o/ ^ ~ s- 

2 Washer, lock, 3/4 in. (4) 

3 Nut, 3/4-10 (2) 

4 Lubricating fitting 
6 Bearing cap 

6 Shim 

7 Screw, cap, hex-head (2) 

8 Washer, lock, 6/8 in. (2) 

9 Lubricating fitting 

10 Bearing cap 

11 Shim 

12 Pin, cotter, 1/8 X 1 1/2 

13 Pin 

14 Lateral tube 

15 Adjusting link 


17 Washer, lock, 3/4 in. (16) 

18 Nut, 3/4-10 (8) 

19 Lubricating fitting (4) 

20 Bearing cap (4) 

21 Shim 

22 Screw, Cap, hex-head, 5/8-llX 4 in. (2) 

25 Nut, 5/8-11 (2) 

24 Washer, lock, 5/8 in. (4) ^ 

26 Pin, cotter, 1/8 X 1 1/2 in. (2) 

26 Pin 

27 Adjusting tube 

28 Adjusting link (RH and LH) 

29 Drawbar 




retaining 

PLATE 


CIRCLE REVERSE 

gear assembly 
housing 


CLEARANCE 
MUST BE 
1/8 INCH 


CLEARANCE MUST BE 
minimum 3/16 INCH TO 
maximum 3/8 INCH 
between TOP OF EACH 
drive gear TOOTH AND 
THE BOTTOM OF RING 
GEAR TOOTH. 


RING GEAR 
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Figure 9~11. Adjusting rMhoard circle gears. 
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Caution: The clearance between 
the top of the drive gear tooth and 
the bottom of the ring gear tooth 
must be 3/16 inch minimum to 3/8 
inch maximum. Do not operate mold- 

Secfion IV. 

9-7. General 

a. The scarifier teeth are mounted in the 
scarifier block. The teeth provide the work- 
ing portion of the scarifier. Because of the 
nature of the work performed in scarifying op- 
erations the teeth are replaceable. 

b. The scarifier block is mounted on two 
drawbars which are pinned to the grader 
frame. A series of holes in the block allow 
adjustment of the scarifier angle to adjust depth 
and degree of cut during operation. Two balls, 
attached to the drawbar, are connected to the 
scarifier lift links. The two links, in turn are 
connected to the two lift arms of the scarifier 
gear assembly. 

9-9. Scarifier and Lift Links 

a. Removal. Remove the scarifier and lift 
links in the numerical sequence as illustrated 
on figure 9-12. 


board circle under load when clear- 
ance is more than 3/8 inch. Damage 
to circle reverse gear assembly could 
result. 

(11) Tighten all wedge nuts and plate 
mounting nuts securely. 

SCARIFIER 

h. Cleaning. Clear dirt and debris from 
scarifier parts with water. 

c. Inspection and Repair. 

(1) Inspect all parts for wear and dam- 
age. 

(2) Inspect bolts and pins for damaged 
threads, binding, and mutilation. 

(3) Inspect bearing caps and scarifier 
ball for evidence of wear and scor- 
ing. 

(4) Replace all worn, damaged, or mu- 
tilated parts. 

d. Installation. 

(1) Install scarifier and lift links in re- 
verse of the numerical sequence as 
illustrated on figure 9-12. 

(2) Torque nuts on scarifier lift balls to 
1,500 foot pounds. 

(3) Install lift link bearing caps with 
proper amount of shims to allow 
links to move freely without bind- 
ing. 
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Figure 9~12. Scarifier block and Kft links, exploded view. 



2 Lock wedge (11) 

3 Shank (11) 

4 Screw, cap, hex-head, 5/8-11 X 2 3/4 in. (8) 

5 Nut, 6/8-11 (8) 

6 Washer, lock, 6/8 in. (16) 

7 Lubrication fitting (4) 

8 Bearing cap (2) 

9 Bearing cap (2) 

10 Shim 

11 Shim 

12 Lift link (2) 

13 Nut, 1 1/4 (2) 

14 Bolt, special (2) 


16 Nut, 1 1/8 (2) 

17 Bolt, special (2) 

18 WaisAer, lock (2) 

19 Scarifier block 

20 Nut, 1 1/2 (2) 

21 Waiter, lock (2) 

22 Scarifier lift ball (2) 

23 Screw, cap, hex-head, 5/8-11 X 4 1/4 in. (2) 

24 Nut, 6/8-11 (2) 

26 Washer, lock, 6/8 in. (4) 

26 Drawbar pin 

27 Drawbar, RH 

28 Drawbar, LH 


Figure 9-1 g — Continued. 
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CHAPTER 10 

CLUTCH ASSEMBLY AND SHAFTS REPAIR INSTRUCTIONS 


Section I. GENERAL 


10-1. Description 

a. The clutch assembly is connected to the 
engine flywheel. A clutch housing encloses 
the clutch brake and clutch and provides a 
support for the clutch shaft and linkage. The 
clutch assembly is a 16 inch, single disk, 
spring-loaded type. 

b. Depressing the clutch pedal will oper- 
ate the clutch linkage, disengage the clutch, 
and apply the clutch brake. The brake is 
designed to stop operation of the transmission 
and allow smoother shifting operations and 
less clashing of the gears. 


10-2. Shafts 

a. A propeller shaft, connected directly to 
the flywheel leads through the hollow trans- 
mission drive shaft, through the transmission 
shaft to the shear bolt coupling. From the 
coupling the shaft is connected to the power 
control box vertical drive housing. This shaft 
provides power to the power control box ver- 
tical drive housing and the power control box 
whenever the engine is operating. 

h. The transmission drive shaft is con- 
nected by universal joints to the clutch shaft 
and upper transmission shaft. 


Section II. SHARS 


10-3. Power Control Box Propeller Shaft 

а. Removal. 

(1) Refer to paragraph 2-38 and remove 
the power control box and vertical 
drive housing from the motor 
grader. 

(2) Refer to figure 10-1 and remove the 
propeller shaft from the motor 
grader. 

б. Disassembly. Disassemble the propeller 
shaft and bearing retainer in the numericall se- 
quence as illustrated on figure 10-2. 

c. Cleaning. Clean all metal parts in clean- 
ing compound, solvent (Spec. P~S-66i) and 
dry thoroughly with compressed air. 

Warning: The solvent is highly inflam- 
mable. Do not use solvent near an open flame. 

d. Inspection and Repair. 

(1) Inspect all parts for wear and dam- 
age. 

(2) Inspect splines on yoke and couplings 


Inspect couplings in vicinity of shear 
bolt for c'hiacks and damage. 

(3) Inspect universal joint bearings and 
journals for damage. 

(4) Inspect splines and threads on long 
shaft for damage. 

(5) Replace all worn or damaged parts. 

e. Reassembly. Reassemble the propeller 
shaft as far as necessary in the reverse of the 
numeriical sequence as illustrated on figure 
10 - 2 . 

/, Installation. 

(1) Refer to figure 10-1 and install the 
propeller shaft and bearing retain- 
er. Long shaft must extend through 
transmission and clutch shaft and en- 
gage splines in coupling (41, fig. 
10-2) mounted on flywheel. 

Note. After installing bearing retainer 
■and shaft, use a lead hammer and tap end 

i-h-P* c»il^ 4^ ofVs o •••wl e !QiO+ ttniUTK.a in fwnniliTHr. 
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REMOVE NUT FROM 
SHAFT INSIDE YOKE 


REMOVE SCREWS (4)^ REMOVE BEARING 
AND LOCKS {2) fejRETAINER, GASKET, 

V , MaND long SHAFT. 

UNIVERSAL \ cm / 

JOINT 


REMOVE SCREWS (5) AND 
LOCK WASHERS (5). 


STEP 1. REMOVE FOUR SCREWS AND TWO LOCKS AND 
DISCONNECT UNIVERSAL JOINT. 

STEP 2, REMOVE NUT, LOCK WASHER, AND FLAT WASHER 
FROM SHAFT INSIDE UNIVERSAL JOINT YOKE. 
STEP 3. REMOVE UNIVERSAL JOINT YOKE AND KEY FROM 
SHAFT, 

STEP 4. REMOVE FIVE SCREWS AND LOCK WASHERS AND 
REMOVE BEARING RETAINER AND LONG SHAFT 
FROM TRANSMISSION. 

STEP 5. REMOVE BEARING RETAINER GASKET. 


MEC 3805-237-35/10- 

Figure 10-1, Power control box propeller shaft, removal and installation. 


(2) Refer to paragraph 238 and install 
the power control box and vertical 
drive housing on the motor grader. 

10-4. Transmission Drive Shaft 

a. Removal. 

(1) Refer to paragraph 2-31 and remove 
the engine and clutch from the mo- 
tor grader. 

(2) Refer to figure 2-9 and remove the 
universal joint from the clutch shaft. 

(3) Remove and disassemble the re- 
mainder of the drive shaft in the nu- 
merical sequence as illustrated on 
figure 10-3. 


h. Cleaning. Clean all metal parts in cl 
ing compound, solvent (Spec. P-S-661) 
dry thoroughly with compressed air. 

Warning: The solvent is highly infl 
mable. Do not use solvent near an open f h 

c. Inspection and Repair. 

(1) Inspect universal joints for dan 
and proper operation. 

(2) Inspect splined yokes for damag 
splines and connecting members, 

(3) Inspect faces of transmission 
clutch shafts for damage. 

(4) Replace all worn or damaged part 


10-2 


(1) Assemble and install the transmission 
drive shaft on the transmission in re- 
verse of the numerical sequence as 
illustrated on figure 10-3. 


universal joint on the clutch shaft. 
(3) Refer to paragraph 2-31 and insta 
the engine and clutch in the mote 
grader. 
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1 

Screw, cap hex-head (8) 

9 

Universal yoke 

2 

Washer, lock (8) 

10 

Screw, cap, hex-head (8) 

8 

Cap, bearing (4) 

11 

Washer, lock (8) 

4 

Washer, cork (4) 

12 

Cap, bearing (4) 

6 

Dust shield (4) 

13 

Washer, cork (4) 

6 

J oumal 

14 

Dust shield (4) 

7 

Oil ring 

16 

Journal 

8 

Lubrication fitting 

18 

Yoke, w/splined stub 


Figure lOS. Transmission drive shaft, exploded view. 


Section III. CLUTCH LINKAGE AND BRAKE HOUSING 


10—5. Clutch Linkage 

a. Removal. 

(1) Remove the clutch linkage in the nu- 
merical sequence as illustrated on 
figure 10-4. 

(2) Refer to paragraph 8-7 to remove 
brake linkage and remove brake 
lever (47, fig. 10-4) from brake 
shaft. 

b. Cleaning. Clean all parts in cleaning 
compound, solvent (Spec. P-S-661) and dry 
thoroughly with compressed air. 

Warning: The solvent is highly inf lam* 
mable. Do not use solvent near an open flame. 

c. Inspection and Repair. 

(1) Inspect all parts for wear and dam- 
age. 

(2) Inspect ball joints for wear and out 
of round condition. Check ball 
joints and swivel for proper opera- 
tion. 


(3) Inspect springs for weak or brc 
condition. 

(4) Replace all worn, damaged, or 
fective parts. 

d. Installation. 

(1) Install bushings (52, fig. 10-4) 
clutch lever (53) and refer to p 
graph 8-7 to install clutch level 
brake shaft. 

(2) Install clutch and clutch brake 1 
age in the reverse of the numei 
sequence as illustrated on fij 
10-4. 

ID-6. Clutch Brake and Clutch Housing 

a. Removal. 

(1) Refer to paragraph 10-6 and dis 
nect the clutch linkage from 
clutch shaft. 
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the clutch housing and brake from 
the clutch assembly and engine. 

b. Disassembly. Disassemble the clutch 
brake and housing in the numerical sequence 
as illustrated on figure 10-5. 

c. Cleaning. Clean all metal parts in clean- 
ing compound, solvent (Spec. P-S-662) and 
dry thoroughly with compressed air. 

Warning: The solvent is highly inflam- 
mable. Do not use solvent near an open flame. 

d. Inspection and Repair. 

(1) Inspect all parts for wear and dam- 
age. 

(2) Inspect brake lining for wear and 
damage. Inspect brake drum for 
wear and scoring. Repair drum if 
possible by grinding braking sur- 
face. Replace shoes when lining is 
worn to within 1/32 to 1/16 inch of 
the closest rivet head. 

(3) Inspect splines, mating surfaces, 
and threads of clutch shaft for wear 
and damage. 

(4) Inspect release sleeve and bearing 
for serviceability. Inspect sliding 
surface of sleeve support for 
scratches, dents, and scoring. 

(5) Replace all worn or damaged parts. 

e. Reassembly. Reassemble the clutch 
brake and housing in reverse of the numerical 
sequence as illustrated on figure 10-5 and the 
following instructions. 

Note. Do not install inspection plate (48) on clutch 
housing until after housing is installed on engine, 

(1) Press oil seal (44) in brake hous- 
ing (45) with lip of seal toward ball 
bearing (43). 

(2) Install bearing and retaining ring 
(42) in housing and press oil seal 
(41) in housing with lip of seal 
toward ball bearing. 


^ A.xxk.;> i/iAxx >..>x VC v^.'xx. v \ f xxx 

housing, with lips of oil seals firr 
ly seated against shoulders on shai 

(4) Install brake drum (39) on sha 
with short spline in drum in wi< 
slot on shaft. Tap drum until firr 
ly seated. 

(5) Install tab washer (38) on shaft wii 
tabs pointing away from brake drui 
Install round nut (37) on shaft wii 
taper of nut toward washer. Tighh 
nut securely and bend tabs on wasl 
er into slots on nut. 

(6) After assembling brake housing, a 
just cam lock as shown on figure 1( 

6 . 

(7) When installing clutch operatir 
shaft (15) through shifter fork (1( 
check position of slots in shift 
forks. Slot angle must be toward r 
lease sleeve. 

(8) Tighten all mounting screv 
securely. 

/. Installation. 

(1) Refer to paragraph 2-32 and insts 
the clutch housing and brake on tl 
engine. 

(2) When installing clutch housing, 1 
sure splines on clutch shaft engaj 
splines in clutch plate. 

(3) Check clutch levers for unifor 
pressure against release sleeve. 

(4) Rotate clutch operating shaft \ 
hand to check that all parts opera 
freely through their full range < 
travel. 

(5) Install inspection plate (48, fig. 1( 
5) and secure with six screws (4( 
and lockwashers (47). 

(6) Refer to paragraph 10-5 and attac 
clutch linkage to clutch operatir 
shaft. 
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1 Screw, cap, hex-head, 3/8-16 X 1 1/8 in. 

2 Nut, 3/8-16 

3 Washer, lock, 3/8 in. 

4 Pedal pad 

5 Screw, cap, hex-head, 5/16-18 X 1 3/8 in. 

6 Nnt.. 


8 Bracket 

9 Lubrication fitting (4) 

10 Lubrication fitting 

11 Lubrication fitting 

12 Pin, cotter, 3/32 X 1 1/4 in. 
-NTtit. slotted. 1/2-20 



16 

Swivel 

36 

Link rod 

17 

Compression spring 

37 

Nut, 7/16-20 

18 

Pin, cotter, 3/32 X 1 in. 

38 

Washer, lock, 7/16 in. 

19 

Washer, flat 

39 

Nut 

20 

Link rod 

40 

Ball joint 

21 

Extension spring 

41 

Adjusting link 

22 

Shoulder bolt 

42 

Screw, cap, hex-head, 3/8-16 X 2 3/4 in. 

23 

Lock nut 

43 

Nut, 3/8-16 

24 

Lever 

44 

Washer, lock, 3/8 in. 

25 

Tapered nut 

45 

Key, washer 

26 

Link stud 

46 

Clutch release lever 

27 

Screw, cap, hex-head, 1/2-13 X 1 in. (2) 

47 

Brake lever 

28 

Washer, lock, 1/2 in. (2) 

48 

Lock nut 

29 

Washer, flat, 1/2 in. (2) 

49 

Pin, cotter 

30 

Angle bracket 

60 

Washer, flat (3) 

31 

Pin, cotter, 3/32 X 1 1/2 in. 

61 

Brake actuating lever 

32 

Nut, slotted, 7/8-14 

62 

Bushing (2) 

33 

Nut 

63 

Clutch lever 

34 

Ball joint 

Figure lO-J^ — Continued. 
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1 Screw, cap, hex-head, 7/16-14 X 2 1/2 in. 

2 Screw, cap, hex-head, 7/16-14 

3 Washer, lock, 7/16 in. (12) 

4 Lubrication fitting (2) 

5 Bushing (2) 

6 Pin 

7 Shaft collar 

8 Lubrication fitting 

9 Nut, 6/8-11 

10 Waiter, lock, 6/8 in. 

11 Fitting 

12 Lubrication tube 

13 Elbow 

14 Key, woodruff (2) 

16 Clutch operating shaft 

16 Shifter fork 

17 Kelease sleeve 

18 Eelease bearing 


19 Screw, cap, hex-head, 1/2-13 X 1 1/2 in. (8) 

20 Washer, lock, 1/2 in. (8) 

21 Pin, cotter, 1/8 X 1 in. (2) 

22 Screw, cap, hex-head, 3/8-16 X 1 1/8 in. (6) 

23 Washer, lock, 3/8 in. (6) 

24 Sleeve support 

25 Dowel pin 

26 Cam lock 

27 Nut, l/Z-20 

28 Washer, lock, 1/2 in. 

29 Pin, cotter, 1/8 X 1 in. 

30 Nut 

31 Brake pull rod 

32 Brake band 

33 Spring 

34 Pivot pin 

36 Return spring 
36 Pin, cotter, 1/8 X 1 in. 


Figure 10-5. Clutch brake and clutch housing assembly, exploded view. 


oo lao wasner 

39 Brake drum 

40 Clutch shaft 

41 Oil seal 

42 Retaining ring 

43 Ball bearing 


40 jorase nousing 

46 Screw, cap, hex-head, 5/16-18 X 3/4 in. (6) 

47 Washer, lock, 5/16 in. (6) 

48 Inspection plate 

49 Clutch housing 

50 Stud 

Figure 10-5 — Continued. 



PULL ROD 

STEP 1. PULL ROD OUT AND ROTATE CAM LOCK AT 
SAME TIME. ROTATE UNTIL PULL IS STOPPED. 
LINING IS NOW AGAINST DRUM. 

STEP 2. ROTATE CAM LOCK IN EITHER DIRECTION 
TO MOVE BRAKE LINING 1/16 TO 1/8 INCH 
FROM DRUM. MEASURE THIS DISTANCE AT 
END OF PULL ROD. 

NOTE: BRAKE LINING MUST NOT DRAG 
ON DRUM. 

MEC 3805-237-37/10-6 


Figure 10-6. Adjusting cam lack. 


Section tV. CLUTCH ASSEMBLY 


10-7. General 

а. The cluitoh assembly provides the connec- 
tion between the engine and the motor grader 
drive train. The 16 inch dry plate clutch is 
mounted directly to the engine flywheel and is 
inclosed by the clutch brake housing. 

б. A driven member, with clutch facings 
on both sides, is mounted between the pres- 
sure plate and the flywheel. The clutch shaft 
is splined to the driven member. A pressure 
plate supported by the backing plate, is under 
pressure of 24 springs. As the backing plate 


is secured to the flywheel, the pressure plate i 
rotating whenever the engine is running. Th 
springs maintain contact between the pressur 
plate and driven member at all times. Dt 
pressing the clutch pedal actuates a linkag 
and forces the release sleeve against the elute 
levers. As the levers pivot they force th 
pressure plate back gainst the spring pres 
sure and move it out of contact with the drive: 
member. This halts transmission operatioi 
enabling the operator to shift the transmis 
sion gears. 
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10->8. Clutch Assembly 

a. Removal, 

(1) Refer to paragraph 10-5 and discon- 
nect clutch linkage from clutch oper- 
ating shaft. 

(2) Refer to paragraph 2-32 and remove 
the clutch housing and clutch assem- 
bly from the engine. 

Note. Refer to paragraph 10-3 for 
illustration and repair of coupling illus- 
trated on figure 2-10. 

h. Disassembly. Disassemble clutch assem- 
bly in numerical sequence as shown on figure 
10-7. 

c. Cleaning. Clean all metal parts in 
cleaning compound, solvent (Spec. P-S-661) 
and dry thoroughly with compressed air. 

Warning: The solvent is highly inflam- 
mable. Do not use solvent near an open flame. 


d. Inspection and Repair. 

(1) Inspect all parts for wear and dam- 
age. 

(2) Inspect clutch springs for weak or 
broken condition. Free length of 
springs should be 3 5/16 inches. 
Spring pressure at 2 1/8 inches should 
be 130 to 140 pounds. 

(3) Inspect pressure plate for cracks, 
scores, or any signs of warping. 
Face of plate must be in good serv- 
iceable condition. 

(4) Inspect face of drive member for 
heat cracks, scoring, wear and distor- 
tion. Inspect splines in hub for 
chipped or broken splines. 

(5) Check all parts against tolerances 
listed in Table 1-1. Replace all 
parts not conforming to repair and 
rebuild standards. 

(6) Replace all worn, damaged, or un- 
serviceable parts. 
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1 Screw, cap, hex-head, 1/2-13 X 1 1/2 in. (8) 

2 Washer, lock, 1/2 in. (8) 

3 Driven member 

4 Adjusting nut (4) 

6 Backing plate 

6 Washer (4) 

7 Pressure spring (includes insulator and cup> (24) 

8 Anti-rattle spring (4) 

9 P*jn, cotter (4) 


10 Washer, flat (4) 

11 Lever pin (4) 

12 Pivot pin (4) 

13 Needle bearing (4) 

14 Eye bolt (4) 

15 Clutch lever (4) 

16 Clutch bearing (8) 

17 Pressure plate 
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Figure to-?. Clutch a$8embly, exploded view. 
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e. Reassembly, Reassemble clutch in the 
reverse of the numerical sequence as shown on 
figure 10-7 and the following instructions. 

(1) Lubricate pins, bearings, and levers 
before installing. 

(2) Install lever pin (11) with head 
against thrust of pressure plate. 

(3) Afiter installing levers (16) on pres- 
sure plate, install anti-rattle springs 
(8) with the prongs on springs to- 
ward long end of levers. 

(4) Install washer (6) on adjusting nut 
(4) with cup of washer away from 
back plate. 

(5) Install backing plate on pressure 
plate over the 24 springs. Install 
four hold down setscrews (3/8-16 X 
4 inches), 3/8-16 jamnuts, and flat 


INSTALL SETSCREWS (4), 
NUTS (4), AND FLAT 
WASHERS (4) IN TAPPED 
HOLES IN INNER SPRING 



Figure 10-8. SetacrewB installed in clutch assembly. 


washers into tapped holes (fig. 
10-8) in inner spring circle. 

(6) Tighten setscrews to draw pressure 
plate up until lever eye bolts meet 
adjusting nuts. Tighten adjusting 
nuts on eye bolts until levers 
raise to backing plate. 

(7) Place clutch assembly on a flat sur- 
face with the backing plate up. 
Tighten setscrews until distance 
from flat surface to face of pressure 
plate measures 15/32 inches as illus- 
trated on figui’e 10-9. 

(8) Rotate lever adjusting nuts, as re- 
quired, to raise or lower levers until 
face of levers are 2 11/16 from the 
flat surface as illustrated on figure 
10-9. 

Note. Do not remove hold down setscrews 
until after clutch assembly has been in- 
stalled on flywheel. 
g. Installation. 

(1) Refer to paragraph 2-32 and install 
clutch assembly and clutch brake 
housing on engine and engine in mo- 
tor grader. 

(2) Refer to paragraph 10-5 and attach 
clutch linkage to clutch operating 
shaft. 



Figure ‘10-9. Chitch 'pressure plate and lever 
adjustment. 
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CHAPTER n 

ENGINE ACCESSORY REPAIR INSTRUCTIONS 


Section I, STARTER 


11-1. General 

а. The motor grader engine is equipped 
with an electrical starter, a direct current gen- 
erator, and a voltage regulator. Other engine 
accessories such as the water pump, fuel 
pump, filters, and blower will be covered in 
their appropriate sections of the engine repair 
instructions. 

б. The starter is a solenoid operated, 24 
volt, overrunning-sprag clutch type with a 
fully enclosed shift lever and plunger. When 
the starter button is depressed the solenoid is 
energized and the plunger shifts the starter 
drive into engagement with the flywheel ring 
gear and closes contacts to complete the circuit 
to the starter motor. 

c. Once the clutch is engaged, the clutch 
will not disengage during intermittent engine 
firing, preventing damage to the starter gear 
and ring gear. When the engine stai’ts the 
clutch of the starter drive allows the starter 
gear to rotate faster than the starter armature, 
preventing damage to the starter from over- 
running. 

d. When the starter button is released, a 
return spring moves the plunger to open the 
contacts and move the shift lever, disengag- 
ing the gears. 

€. The starter armature is supported at 
three points by bronze bearings which are 
lubricated by oil wicks. 

n-2. Starter 

a. Removal. Refer to TM 5-3805-237-12 
and remove the starter from the engine. 

h. Testing. When a starter is tested, check 
for unusual noises or vibration that might in- 
dicate an unserviceable condition. If either 


condition exists, do not attempt any further 
testing until starter has been repaired. 

(1) No load test. 

(а) Connect the starter in a test stand 
as illustrated on figure 11-1. 

(б) Energize the solenoid by connect- 
ing the jumper lead from the 
solenoid battery terminal to the 
solenoid switch terminal. Check 
rotation speed. Adjust the vari- 
able resistance to obtain 22.0 volts. 
The minimum speed should ■ be 
7,000 rpm (revolutions per min- 
ute). Check the current draw on 
the ammeter. Maximum current 
draw should be 90 amperes. 



Figure 11-1. No-load teat hookup. 


n-1 





Caution: When testing starter 
never operate the starter more 
than 30 seconds at a time. Allow 
the starter to cool off at least 2 
minutes between cycles. Overheat- 
ing, caused by excessive cranking, 
can seriously damage the starter. 

(c) If the above conditions are not 
met, disassemble and repair the 
starter. 

(2) Lock torque test. 

(a) Connect the starter in a test stand 
as illustrated in figure 11-2. The 
starter should be securely mounted 
and a brake arm hooked to the 
starter gear. 

Caution: During test, make cer- 
tain end of brake arm does not 
slip off gear when current is ap- 
plied. 

(b) Lock torque test is 32 foot pounds 
at 500 ampers at approximately 3.0 
volts. 

(c) If the above conditions are not 
met, disassemble and repair the 
starter. 

(3) Watei^roof test 

(a) Connect an air line to the frame of 
the starter. Remove a plug and a 



Figure 11~2. Lock torque teat hookup. 


wick, install a fitting, and connect 
to an air hose. 

(b) Submerge the starter in clean wa- 
ter up to the gear housing and 
cluitch assembly area. Do not al- 
low water to enter the gear hous- 
ing or clutch area. 

(c) Apply air pressure slowly. Watch 
for air bubbles. Increase the air 
pressure to 6 psi. 

(cJ) With the air pressure remaining at 
6 psi, allow the starter to remain 
submerged for one minute. No 
leaks should be indicated during 
this period. 

(e) If leaks are indicated, disassem- 
ble and repair starter. 
c. Disassembly. 

(1) Remove and disassemble commutator 
end plate and brush holder in the 
numerical sequence as illustrated on 
figure 11-3. 

(2) Disassemble the drive housing, lever 
housing, clutch, and starter frame in 
the numerical sequence as illus- 
trated on figure 11-4. Scribe a mark 
on the drive housing and lever hous- 
ing to locate position for reassembly, 

(3) Disassemble the solenoid assembly 
(14, fig. 11-3) in the numerical se- 
quence as illustrated on figure 11-5. 

c. Cleaning. 

(1) Clean all parts, with the exception of 
the field windings, armature, 
brushes, solenoid, and insulators, in 
cleaning compound, solvent (Spec- 
P-S-661) and dry thoroughly with 
compressed air. 

Warning: The solvent is highly 
inflammable. Do not use solvent near 
an open flame. 

(2) Clean field windings with a cloth 
dampened in the solvent. Do not 
damage protective insulation coat- 
ing. Dry thoroughly with com- 
pressed air. 

(3) Remove all loose particles from ar- 
mature. Clean commutator lightly 
with number 00 sandpaper and re- 
move dust with compressed air. Use 
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a sharp instrument to clean all dirt 
and dust from between commutator 
bars. 

(4) Clean brush holder and solenoid with 
a cloth dampened in solvent and dry 
thoroughly. Clean brushes with a dry 
cloth only. 

d. Inspection and Repair. 

(1) Inspect armature shaft bearing sur- 
faces for wear and scoring. Inspect 
splines on armature for wear and 
damage. Check condition of soldered 
wires. Replace armature if worn, 
damaged or scored. Resolder wires 
if necessary. 

(2) Inspect condition of commutator for 
high mica, scoring, or out-of-round 
condition. Check runout with a dial 
indicator. If commutator is out-of- 
round 0.020 inch or worn, turn down 
commutator. 

(3) Check armature for shorts on a 
growler. Clean slots of commutator 
if necessary. Check for grounds with 
a test lamp. Replace armature if 
shorts and grounds cannot be cor- 
rected. Refer to TM 5-764 for pro- 
cedures for testing the armature. 

(4) Inspect brushes for cracks, wear, 
damage and loose or broken wires. 
If brushes are worn to less than 3/8 
inch, replace brushes. 

(5) Check all bearings, housings, 
springs, and shafts against tolerances 
listed in Table 1-1. Replace all 
parts not conforming to repair and 
rebuild standards. 

(6) Replace all worn or defective parts. 

f. Reassembly. 

Note. Lubricate all -vrorking surfaces of shaft and 
bearings and the wicks with engine oil (OE 10) 
before installing. 

(1) Reassemble the solenoid in reverse 
of the numerical sequence as illus- 
trated on figure 11-5. 


(2) Reassemble the housings, armature, 
and frame in reverse of the numeri- 
cal sequence as illustrated on figure 
11-4. 

(3) After installing field windings in 
frame, check windings with a multi- 
meter as follows; 

(a) Touch one probe to the terminal 
stud (39, fig. 11-4) and other 
probe to each field winding con- 
nection, Multimeter should shoM’’ 
a reading or closed circuit for 
each check. If circuit is open, re- 
place field windings. 

(b) Touch one probe to terminal stud 
and other probe to unpainted sur- 
face on frame. If meter shows a 
reading windings are grounded 
and should be replaced. 

(c) After installing drive clutch and 
lever, check clutch for free move- 
ment on armature shaft and lock- 
ing action when reversed. If 
clutch does not lock immediately 
replace clutch. 

(d) Reassemble brush holder and com- 
mutator end in the reverse of the 
numerical sequence as illustrated 
on figure 11-3. 

(e) After installing solenoid and 
plunger parts, check clearance of 
pinion gear by pushing clutch to- 
wards commutator end as shown 
in figure 11-6. Clearance should 
be 23/64 inch. 

(/) After completing reassembly of 
starter, test starter as described in 
b above. 

/. Installation. Refer to TM 5-3805-237- 
12 and install starter. 
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1 

Nut, 1/2-13 (2) 

18 

Nut, jajtn, 3/8-16 

2 

Washer, 1/2 in. (2) 

19 

Washer, flat, 3/8 in. 

8 

Plug 

20 

Insulator 

4 

Gasket 

21 

Insulating bushing 

5 

Nut, lock 

22 

Plug 

6 

Screw, w/ washer (4) 

28 

Wick 

7 

Retaining ring 

24 

Screw, cap, hex-head (4) 

8 

Spring retainer 

26 

Washer, lock (4) 

9 

Plunger spring 

26 

Screw, machine (8) 

10 

Spring retainer 

27 

Brush (8) 

11 

Boot 

28 

Brush holder screw (2) 

12 

Plat washer 

29 

Brush holder screw (2) 

13 

Solenoid plunger 

30 

Brush spring (8) 

14 

Solenoid 

31 

Washer, lock (4) 

15 

Nut, 3/8-16 

32 

Screw, machine (4) 

16 

Washer, lock, 3/8 in. (2) 

33 

Screw, machine (4) 

17 

Solenoid lead 

34 

Washer, lock (8) 


Figure 11 -S. 

Solenoid, commutator end plate 

!, and brush holder, exploded view. 


n-4 



TM 5-3805-237-35 


35 Brush holder (4) 

36 Plate (2) 

37 Plate (2) 

38 Insulator (2) 

39 Washer (8) 

40 Brush holder plate, w/stud 

41 Prefonned packing 

42 Screw, machine, No. 8 X 1/2 in. (3) 

43 Washer, lock. No. 8 (3) 


44 Washer, flat, No. 8 (3) 
46 Insulator 

46 Insulating washer (2) 

47 Support plate 

48 Preformed packing 

49 Preformed packing 
60 Bearing 

51 Commutator end plate 
Figure 11-3 — Continued. 
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1 

2 

3 

4 
6 
6 

7 

8 
9 

10 

11 

12 

13 

14 
16 
16 

17 

18 

19 

20 
21 
22 
23 



Spacing washer 

Plug 

Wick 

Screw, cap, socket head, 6/16-18 X 1 1/2 in. (6) 

Screw, cap, socket head, 6/16-18 X 56/64 in. (1) 

Pinion housing 

Bearing 

Housing gasket 

Washer, split (2) 

Gear retainer 
Starter pinion gear 
Spring retainer 
Clutch spring 
Spring retainer 
Starter drive 
Bearing 
Thrust washer 
Armature 
Retaining ring 
Preformed packing 
Preformed packing 
Lever shaft 
Shift lever 

Figxire 11— i. Pinion housing, lev 


24 Screw, cap, hex-head, 1/4 X 28 X 1 in, (6) 
26 Washer, lock, 1/4 in. (5) 

26 Plug 

27 Wick 

28 Lever housing 

29 Preformed packing 

30 Bearing 

31 Oil seal 

32 Thrust washer 

33 Nut, 1/2-13 (2) 

34 Washer, lock, 1/2 in. 

35 Connector 

36 Washer, flat, 1/2 in. 

37 Insulating washer (2) 

38 Field windings 

39 Terminal stud 

40 Insulator 

41 Gasket 

42 Pole shoe screw (8) 

43 Pole shoe (4) 

44 Frame 

46 Screw, cap, hex-head, 6/8-11 X 2 in. (3) 

46 Washer, lock, 5/8 in. (3) 

housing, and frame, exploded view. 
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1 Screw, machine (2) 

2 Terminal clip (2) 

8 Nut, 1/2-13 (4) 

4 Washer, lock, 1/2 in. (4) 

6 Washer, flat, 1/2 in. (2) 

6 Insulating bushing (2) 

7 Insulating washer (2) 

8 Nut, w/washer, No. 10 (4) 

9 Screw, machine 
10 Plate 

Figure 11~5. 


11 Plate gasket 

12 Insulator 

13 Tenninal 

14 Terminal stud 

15 Terminal stud 

16 Ground connector 

17 Contact disk assembly 

18 Case and coil assembly 

19 Spring 

Starter solenoid switch, exploded view. 
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NOTE: CLEARANCE SHOULD BE 
23/64 INCH. 

MEC 3805-237-35/11-6 


Figwe 11-6. Gheoking pinion gear clea/rance. 

Section II. GENERATOR 

c. Cleaning. 


11-3. General 

а. The battery charging generator is a belt 
driven direct current generator. The genera- 
tor is mounted by an adjustable bracket on 
the right side of the engine. 

б. The generator belt is driven by the 
crankshaft pulley. An elbow, mounted on 
top of the generator, secures a receptacle con- 
nector. Connected to the receptacle is a 
shielded cable which carries the current to the 
voltage regulator mounted at the rear wall of 
the fuel tank. 

1 1-4. Generator 

a. Removal Refer to TM 5-3805-237-12 
and remove the generator from the motor 
grader. 

5. Disassembly. Disassemble the generator 
and remove generator bracket in the numeri- 
cal sequence as illustrated on figure 11-7. 
Scribe a line on commutator end bell and 
frame and drive end bell and frame to locate 
at reassembly before removing end bells. 


(1) Clean all parts, with the exception of 
the field windings, armature, 
brushes, solenoid and insulators, in 
cleaning compound, solvent (Spec. 
P-S-661) and dry thoroughly with 
compressed air. 

Warning: The solvent is highly 
inflammable. Do not use solvent near 
an open flame. 

(2) Clean field windings with a cloth 
dampened in cleaning solvent. Do 
not damage protective insulation 
coating. Dry thoroughly with com- 
pressed air. 

(•3) Remove all loose particles from ar- 
mature. Clean commutator lightly 
with number 00 sandpaper and re- 
move dust with compressed air. Use a 
sharp instrument to clean all dirt 
and dust from between commutator 
ban 
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(4) Clean brushholders with a cloth 
dampened in solvent and dry thor- 
oughly. Clean brushes with a dry 
cloth only. 

d. Inspection and Repair, 

(1) Inspect armature shaft bearing sur- 
faces for wear and scoring. Check 
condition of soldered wires. Replace 
armature if worn, damaged, or 
scored. Resolder wires if necessary. 

(2) Inspect condition of commutator for 
high mica, scoring, or out-of-round 
condition. Check runout with a dial 
indicator. If commutator is out-of- 
round 0.001 inch or worn, turn down 
commutator. 

(3) Inspect armature shaft and bearings 
for the following tolerances. Replace 
parts not conforming to tolerances. 

Bearings 

Inside diamefter 0.9839 to 0.9843 

Outside diameter 2.4404 to 2.4409 

Shaft 

Outside diameter 2.4404 to 2.4409 

(4) Check armature for shorts on a 
growler. Clean slots of commutator 
if necessary. Check armature for 
grounds with a test lamp. Replace 
armature if shorts and grounds can- 
not be corrected. Refer to TM 5-764 
for procedures for testing armature. 

(6) Inspect brushes for cracks, wear, 
damage, and loose or broken wires. 
If brushes are worn to less than 
35/64 inch, replace brushes. 

6) Check brush springs for cracks or 
broken condition. Check brush 
spring tension. Brush spring must 
have tension of 25 ounces. Replace 
cracked, broken or defective springs. 

(7) Replace all worn, broken, or dam- 
aged parts. 

e. Reassembly. 

(1) Reassemble the generator in reverse 
of the numerical sequence as illus- 
trated on figure 11-7 and the fol- 
lowering instructions. 

(2) Press ball bearings into end bells, 
using a suitable arbor press. 


(3) When installing end bells, aline 
scribe mark on end bell with scribe 
mark on frame for correct installa- 
tion. 

/. Testing. 

(1) Field current draw. 

{a) Connect generator on a test stand 
as shown in figure 11-8. 

(b) Adjust variable resistance until 
voltage is 24 volts. 

(c) Field current must be as specified 
(24 to 28.5 volts and 0.86 to 0.89 
amps). 

(d) If current draw is not within limits, 
repair generator. 

(2) Generator output. 

(a) Connect generator on a test 
stand as shown in figure 11-9. 
Connect generator to a test stand 
driving motor. 

(b) Operate motor to drive generator 
in a clockwise rotation as viewed 
from the drive end. Close battery 
switch land adjust carbon pile 
rheostat until voltage is 24 to 28.5 
volts. 

(c) Increase speed slowly to 1950 rpm. 
The current output should be 28,5 
volts and 18 amps. 

(d) If reading is not as specified, re- 
pair generator. 

g. Installation. 

(1) Install mounting brackets and ad- 
justing arm in reverse of numerical 
sequence as illustrated on figure 11- 
7. 

(2) Refer to TM 5-3806-237-12 and 
install generator on motor grader, 

(3) Repolarize generator by momentarily 
connecting battery in series with B 
lead (fig. 11-8) and ground. This al- 
lows a surge of current to flow 
through the field windings to 
ground and properly polarizes the 
generator. 
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1 Screw, cap, hex-head, 3/8-16 X 1 in. 

2 Nut, 8/8-16 

3 Washer, lock, 8/8 in. 

4 Screw, cap, hex-head, 7/16-14 X 3 in, (2) 
6 Nut, 7/16-14 (2) 

6 Washer, lock, 7/16 in. (2) 

7 Generator belt 

8 Screw, machine. No. 10-32 X 1 1/4 in. 

9 Nut, No. 10-32 

10 Access cover band 

11 Nut, lock 

12 Washer 

13 Pulley 

14 Key, woodruff 

15 Pan 

16 Shoulder bolt, 5/16—18 X 8 in. (2) 

17 Washer, lock, 5/16 in, <2) 

18 Commutator end bell 

19 Screw, machine, No. 6-32 X 3/16 in. (2) 

20 Washer, lock, No. 6 (2) 

21 Brush (2) 

22 Brush spring (2) 

23 Brush holder (2) 

24 Washer (2) 

25 Ball bearing 


26 Drive end bell 

27 Screw, machine. No. 10-32 X 3/8 in. (8) 

28 Washer, lock. No. 10 (8) 

29 Collector ring 

30 Bearing retainer 

31 Ball bearing 

32 Dowel pin 

33 Spacer 

34 Armature 

36 Screw, machine, No. 6-32 X 6/16 in. 

86 Washer, lock. No. 6 

87 Screw, machine, No. 6-32 X 1/4 in. 

38 Field coil winding 

3-9 Screw, machine. No. 6-32 X 3/8 in. (4) 

40 Washer, lock, No. 6 (4) 

41 Receptacle connector 

42 Screw, machine, No. 8-32 X 7/8 in. (4) 

43 Washer, lock, No. 8 (4) 

44 Elbow 
46 Spacer 

46 Pole shoe screw (2) 

47 Pole shoe <2) 

48 Generator frame 

49 Screw, cap, hex-head, 3/8-16 X 1 iu* 

60 Nut, 3/8-16 


Figure 11-7. Generator and mounting bracket, exploded view. 
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B1 Washer, lock, 3/8 in. 

62 Adjusting arm 

68 Screw, cap, hex-head, 3/8-16 X 1 (4) 


54 Washer, lock, 3/8 in. (4) 
65 Mounting bracket 
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Figure 11-7 — Continued. 
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Figure 11—8. Generator field current draw test 
wiring diagram. 


Figure 11-9. Generator output test wiring diagram. 


Section 111. VOLTAGE REGULATOR 


11-5. General 

a. The voltage regulator operates to keep 
the battery charged, to protect the battery 
and circuits from overload, and to protect the 
generator. The voltage regulator consists of 
a cutout relay, a voltage regulator, a current 
regulator, and an actuating relay. 

h. The cutout and actuating relays function 
together. They close the circuit between the 
generator and battery when the generator 
voltage is sufficient to charge the battery and 
open the circuit when generator voltage falls 
below the battery voltage. The voltage regu- 
lator controls the output voltage of the gen- 
erator and prevents overloading the battery 
and the vehicle electrical system. The current 
regulator adjust the current flow in reference 
to the load imposed on the battery and gen- 
erator. 

11-6. Voltage Regulator 

a. Removal. Refer to TM 5-3805-237-12 
and remove the voltage regulator. 

h. Di.s((sseinbly. Disassemble the voltage 


regulator in the numerical sequence as illus- 
ti-ated in figure 11-10. 

G. Cletming. Clean all metal parts with a 
clean, lint-free cloth. Wipe all leads, wind- 
ings, insulators, resistors, gaskets, and panels 
with a cloth. 

Caution: Never use solvent to clean gaskets, 
insulators, or resistors. Handle windings and 
leads with extreme care. Never twist or pull 
winding leads, 

d. Insvection and Repair. 

(1) Inspect all parts for wear and dam- 
age. 

(2) Inspect resistors for cracks and brok- 
en leads. Replace cracked resistors. 
Solder leads if possible. 

(3) Inspect springs for weak or broken 
condition. Replace weak or broken 
springs. 

(4) Inspect contact points for evidence 
of burning or cracked condition. Re- 
place points if burned or cracked. 
Bend brackets to aline points if pos- 
sible. 
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21 Washer, lock 

22 Washer, flat 

23 Screw, machine 

24 Washer, lock 

25 Lead 

26 Resistor and lead 

27 Screw, machine 

28 Washer, lock 

29 Resistor and lead 

30 Screw, machine 

31 Washer, lock 

32 Washer, flat 

33 Lead 

34 Screw, machine 
36 Washer, lock 

36 Washer, flat 

37 Screw, machine 

38 Washer, lock 

39 Screw, machine (2) 

40 Washer, lock 

Figure 11—10, Voltage regulator, exploded view. 


1 Shielded cable 

2 Power cable 

3 Screw, cap, hex-head, 6/16-18 X 1/2 in. (4) 

4 Washer, lock, int-teeth, 6/16 in. (3) 

6 Washer, lock, ext-teeth, B/16 in. (2) 

6 Screw, machine (4) 

7 Washer, lock (4) 

8 Cup (2) 

9 Cover 

10 Cover gasket 

11 Screw, machine 

12 Washer, lock 

13 Screw, machine 

14 Washer, lock 

15 Screw, machine 

16 Washer, lock 

17 Current regulator lead 

18 Screw, machine 
1'9 Washer, lock 
20 Screw, machine 
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41 Washer, lock, exinteeith 

42 Relay contact bracket 

43 Screw, machine (4) 

44 Washer, lock (4) 

45 Washer, flat (2) 

46 Nnt 

47 Washer, lock 

48 Washer, flat 

49 Cutout relay 
60 Nut 

51 Washer, lock 

62 Actuating relay 

63 Nut 

54 Washer, lock 
66 Current regulator relay 

66 Nut 

67 Washer, lock 

68 Voltage regulator relay 

69 Actuator spring 

60 Cutout relay spring 

61 Voltage regulator relay spring 

62 Current regulator relay spring 

63 Screw, machine (13) 

64 Washer, lock (13) 

66 Resistor group (7 resistors rqr) 

66 Screw, machine (4) 

67 Washer, lock (4) 

68 Receptacle connector 

69 Gasket 

70 Screw, machine (4) 


71 Washer, lock (4) 

72 Receptacle connector 

73 Gasket 

74 Ground spring 
76 Screw, machine 

76 Washer, lock 

77 Screw, machine 

78 Washer, lock 

79 Ammeter shunt 

80 Screw, machine 

81 Washer, lock 

82 Screw, machine (8) 

83 Washer, lock 

84 Capacitor 
86 Capacitor 

86 Screw, machine (2) 

87 Washer, lock (2) 

88 Terminal support (2) 

89 Choke coil 

90 Terminal 

91 Terminal 

92 Terminal 

93 W asher, lock 

94 Insulator 

96 Washer, flat 

96 Screw, machine (4) 

97 Washer, lock (4) 

98 Mounting bracket 

99 Base 
100 Shield 

Figure 11-10 — Continued. 


(5) Use a fine file to clean contact 
points. Clean points with a cloth 
after filing. 

Note, Never use emery cloth or sandpaper 
to dress point®. Do not touch points after 
cleaning. 

(6) Replace all worn or damaged parts. 
e. Reassembly. Reassemble the voltage reg- 
ulator in reverse of the numerical sequence as 
illustrated on figure 11-10. Do not install 
cover (9, fig. 11-10) until after adjusting 
voltage regulator. 

/. Adjustment. Adjust the relays to obtain 
the following measurements. 

( 1 ) Cutout relay. 

Air gap between 

armature and coil 0.042 in. 

Point opening 0.040 in. 

Closing voltage 14.0 to 17.0 volts 


Sealing voltage 19.6 to 23.0 volts 

(2) Actuating relay. 

Air gap between 

armature and coil __ 0.037 inch 

Point opening 0.037 inch 

Closing voltage 25.0 to 27.0 volts 

Adjust voltage to 26.0 volts 

(3) Voltage regulator relay. 

Air gap between 

armature and coil 0.084 inch 

Closing voltage 28.0 to 29.6 volts 

Adjust voltage to .i28,& volts 

g. Installation, 

(1) Install cover (9, fig. 11-10) and gasket 
(10) and secure with screws (6), 
washers (7) and cups (8). 

(2) Refer to TM 5-3805-237-12 and install 
voltage regulator. 
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CHAPTER 12 

ENGINE REPAIR INSTRUCTIONS 


Section I GENERAL 


12—1. General 

a. The engine used in the motor grader is 
a 4>cylinder, in-line, diesel engine. The en- 
gine i'S mounted in the rear of the motor 
grader, behind the fuel tank. 

b. The engine operates on the two-cycle 
principle, with intake and exhaust taking place 
during part of the compression and power 
strokes. Exhaust gases are expelle>d by scav- 
enge air from the blo-wer. The air enters a 
set of ports which are above the piston when 
piston is at the bottom of its stroke. This air 
also helps to cool the inside of the cylinder. 

c. As the piston rises only clean air is in 
the chamber. The piston closes the ports and 
compresses the air. Shortly before the piston 
reaches its highest position, the required 
amount of fuel is sprayed into the combustion 
chamber by the fuel injector. The intense heat 
generated during the high compression of the 
air ignites the fine fuel spray immediately and 
combustion continues until the injected fuel 
is burned. 


d. Pressure from the burning fuel forces 
the piston down on the power stroke. Exhaust 
valves open when the piston is halfway down, 
allowing the burnt gases to escape through 
the exhaust manifold. As the piston moves 
it uncovers the air inlet ports and the cylinder 
is again cleaned with scavenging air and the 
cycle is repeated. 

12-2. Engine Repair 

a. The engine will be repaired in separate 
sections following in this chapter. The sec- 
tions will break the engine down into separ- 
ate systems and each system will be covered. 

5. Modifications to the standard engine 
consist of the generator and oil filter installa- 
tions, a flywheel adapted to the clutch, an 
emergency stop control, and a cold weather 
start device. 

c. Some of the repairs as applied to the en- 
gine can be accomplished without removing 
the engine from the motor grader. However, 
for purpose of this manual, necessary repairs 
fwill be made to the engine after it has been 
removed from the grader. 


Section II. AIR SYSTEM 


12-3. General 

a. The air intake system of the engine con- 
sists of a dry element air cleaner, elbows and 
tubes, air inlet housing, and a blower assem- 
bly. 

b. The air cleaner is mounted on the left 
side of the grader and is connected to the air 
inlet housing by rubber elbows and tubes. 
The air is drawn through a covered inlet into 


and through the filter element, and carried to 
the inlet housing. 

c. The air inlet housing delivers the air to 
the blower assembly through a screen. The 
blower assembly increases the air pressure and 
delivers it direcJtly to the cylinders. 

1 2-4. Air Cleaner 

a. Removal. Refer to paragraph 2-30 and 
remove the air cleaner from the motor grader. 
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b. Disassembly. Disassemble the air clean- 
er in the numerical sequence as illustrated in 
figure 12-1. 

c. Cleaning. Clean dust and dirt from all 
parts. Use a brush and air pressure to clean 
caked dust from tube and elbows. 


d. Inspection and Repair. 

(1) Inspect all parts for dents and dam- 
age. 

(2) Inspect elbows and tube for cracks 
and evidence of leaks. 
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1 Screw, cap, hex-head, 3/S-16 X 2 S/4 in.' (4) 

2 Nut, 8/8-16 (4) 

3 Wa^er, lock, 3/8 in. (4) 

4 Washer, flat, 3/8 in. (4) 

6 Bolt 

6 Band 

7 Gasket 

8 Dust cup 

9 Thumb screw 

10 Washer 

11 Element 

12 Element gasket 
IS Clamp 

14 Hose 


16 Intake cap 

16 Screw, cap, hex-hd, (2) 

17 Washer, lock (2) 

18 Air cleaner indicator 

19 Gasket 

20 Clamp (4) 

21 Rubber elbow (2) 

22 Tube 

23 Screw, cap, hex-head, 5/16 X 1 1/4 in, (4) 

24 Washer, lock, 6/16 in, (4) 

26 Air inlet adapter 

26 Gasket 

27 Band (2) 

28 Housing 


Figure lg-1. Air Cleaner, exploded view. 
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(8) Inspect gaskets for damage and de- 
terioration. 

(4) Replace all damaged, leaking, or de- 
teriorated parts. Straighten dents if 
possible. 

e. Reassembly. Reassemble the air cleaner 
in reverse of the numerical sequence as illus- 
trated on figure 12-1. 

f. Installation. Refer to paragraph 2-30 
and install the air cleaner on the motor 
grader. 

12-5. Air Inlet Housing 

a. General. The air inlet housing is mount- 
ed on the blower. The cold weather start and 
emergency shutdown are connected to the air 
inlet housing. 

b. Removal. 

(1) Refer to paragraph 2-30 and remove 
the air cleaner. 

(2) Remove the air inlet adapter from air 
inlet housing as illustrated on fig- 
ure 12-1 (item nos. 23 through 26). 

(3) Remove and disassemble the air in- 
let housing, cold weather start, and 
emergency shutdown in the numeri- 
cal sequence as illustrated on figure 
12 - 2 . 

c. Cleaning. Clean all parts in cleaning 
compound, solvent (Spec. P-S-661) and dry 
thoroughly with compressed air. 

Warning: The solvent is highly inflam- 
mable. Do not use solvent near an open flame. 

d. Inspection and Repair. 

(1) Inspect all parts for wear and dam- 
age. 

(2) Inspect cold weather start tube for 
kinks or breaks. Inspect fittings for 
serviceable condition. 

(3) Inspect emergency shutdown wire, 
linkage, and valve for evidence of 
binding or damage. 

(4) Inspect air inlet housing, striker 
plate, and screen for cracks and dam- 
age. 

(5) Replace all gaskets. Replace all 
worn, damaged, or unserviceable 
parts. 

e. Installation. 

(1) Reassemble and install the air inlet 
housing, cold weather starting aid, 


and emergency shutdown in reverse 
of the numerical sequence as illus- 
trated on figure 12-2. 

(2) Install the air inlet housing adapter 
(items 26 through 23, fig. 12-1) on 
air inlet housing. 

(3) Refer to paragraph 2-30 and install 
the air cleaner. 

1 2-6. Blower Assembly 

a. General. The blower supplies the fresh 
air under pressure for combustion and scav- 
enging. Two hollow three-lobe rotors rotate 
with very close clearances in the housing. A 
set of two timing gears, located on the drive 
end of the rotor shafts, space the rotor lobes 
with a close tolerance. Lobes do not touch, 
therefore lubrication is not required. Oil seals 
in the blower end plates prevent oil from en- 
tering the air chamber. The rotors are sup- 
ported on the end plate by a roller bearing 
and a radial and thrust ball bearing on the 
gear end. Lubrication for the drive gears is 
received through oil drain holes from the 
crankshaft housing and cylinder head. 

b. Removal. 

(1) Refer to paragraph 2-30 and remove 
the air cleaner. 

(2) Refer to paragraph 12-5 and remove 
the air inlet housing. 

(3) Refer to TM 5-3805-237-12 to drain 
the cooling system and remove the 
water pump from the blower. Refer 
to paragraph 12-16 and remove the 
fuel pump. 

(4) Refer to paragraph 12-19 and re- 
move the governor. 

(5) Remove two screws and lockwashers 
and remove clamp and crankcase oil 
level gage and tube from blower. 

(6) Loosen clamps on blower drive shaft 
cover seal above the fuel pump. 

(7) Remove four screws (1, fig. 12-3) 
■and lockwashers (2). Slide the blower 
assembly towajrd the fan end of the 
engine to free blower drive shaft from 
drive hub and drive shaft cover and 
lift blower assembly from engine. 
Remove gasket (44). 
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1 Screw, cap, hex-head, 1/4-20 X 3/8 in 

2 Nut, 1/4-20 

3 Washer, lock, 1/4 

4 Clamp 
6 Clamp 

6 Nylon tie (4) 

7 Emergency shutdown cable 

l^igure 12-2. 
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8 Cold weather start tube 

9 Connector (2) 

10 Fitting (2) - 

11 Fuel container 

12 Cold weather start cable 

13 Grommet 






Coldweatlientart, emergmcy tfmtdmm. ami air Met houama. 
exploded view. 
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15 

Washer, lock, 1/4 in. (6) 


29 

Stop 

16 

Nut, 1/4-20 (2) 


30 

Pin 

17 

Rod 


31 

Washer, flat, 8/8 in. 

18 

Cold weather start valve 


32 

Lever 

19 

Sorew, cap, hex-head, 3/8-16 X 1 

6/8 in. (4) 

33 

Spring 

20 

Washer, lock, 3/8 in. (4) 


34 

Ball 

21 

Air inlet housing 


35 

Screw, cap, hex-head, 1/4-20 X 1/2 in. 

22 

Housing gasket 


36 

Washer, lock, 1/4 in. 

23 

Striker plate 


37 

Lock plate 

24 

Plate gasket 


38 

Pin (2) 

26 

Inlet screen 


39 

Shutdown valve 

26 

Screw, machine, No. 10-32 X 3/8 in. 


40 

Valve spring 

27 

Nut, 3/8-24 


41 

Valve shaft 

28 

Washer, lock, 3/8 in. 


42 

Seal ring (2) 



Figure 22-2- 
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(8) Remove six screws with seal washers 
and remove governor drive housing 
from blower drive cover. 

c. Disassembly, 

(1) Disassemble the blower assembly in 
the numerical sequence as illustrated 
in figure 12-3 and the following in- 
structions. Discard all gaskets and 
oil seals. 

(2) Do not pry covers (8 and 14) from 
blower. Tap covers to remove. 

(3) To hold rotors (39 and 40) in place 
while removing drive coupling bolt 
(10), place a clean cloth between ro- 
tors and rotate until cloth locks the 
rotors. 

(4) Use a suitable puller to remove gears 
(25 and 26) from rotor shafts. Gears 
must be pulled simultaneously. 
Count number of shims (27) if pres- 
ent, under each gear. 

(5) Remove end plates (33 and 35), us- 
ing a suitable puller. 

(6) Use a suitable tool and an arbor 
press to remove bearings and oil 
seals from end plates. 

d. Cleaning. Clean all metal parts in die- 
sel fuel (current LO) and dry' thoroughly 
with compressed air. 

R. Inspection and Repair. 

(1) Inspect roller and ball bearings for 


corrosion or pitting. Apply light 
engine oil to bearing and rotate 
bearing by hand to check for free 
rolling. Replace bearings if rough 
spots or corrosion are indicated. 

(2) Inspect blower rotor lobes, particu- 
larly the sealing rib, for burs and 
scoring. Tf slightly scored or burred, 
dress rotor lobes with fine emery 
cloth. Replace badly scored rotors. 

(3) Inspect splines on rotor shafts for 
wear and burs. Replace rotor if shaft 
is badly worn. 

(4) Inspect inside of rotor housing for 
burs and scoring. Clean inside of 
housing to a smooth finish with fine 
emery cloth if necessary. Replace 
badly scored housings. 

(5) Check ends of housing for smooth 
faces to accept end plates. Replace 
housing if faces are scored. 

(6) Inspect finished inside face of hous- 
ing for burs and scoring. Clean burs 
with fine emery cloth if possible. Re- 
place housing if faces are badly 
worn. 

(7) Inspect geairs for wear and damage. 
If gears are worn or damaged, re- 
place gears as a set. When gears are 
worn to where backlash exceeds 
0.004 inch, replace gears. 
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drive shaft and hub ii bent or dam- 
aged. 

(9) Inspect all parts for wear and dam- 
age. 

(10) Check all parts against tolerances 
listed in Table 1-1. Replace all 
parts not conforming to repair and 
rebuild standards. 

(11) Replace all worn or damaged parts. 

/. Reassembly. Reassemble the blower as- 
sembly in reverse of the numerical sequence 
as illustrated on figure 12-3 and the follow- 
ing instructions. 

(1) Install oil seals (36) in plates with 
lip of seal towards bearing bore in 
plate. 

(2) Install front end plate (38) on hous- 
ing with marking TOP on plate at 
top of blower. Secure with screws 
(32). 

(3) Install blower rotors (39 and 40) in 
housings, with shafts through oil 
seals and omitted splines on shafts 
facing up. Be careful not to dam- 
age oil seals when installing rotors. 
Install rear end plate (35) on hous- 
ing and shafts in the same manner. 
Do not install screws (34). 

Note. Dowel pins (41 and 42) must pro- 
ject 3/8 inch from end plates after installa- 
tion, 

(4) Lubricate roller bearings (38) with 
engine oil (OE 10) and press bear- 
ings over shafts and into front end 
plate, using a suitable tool. Install 
bearing retainers (29) and secure 
with screws (28). Torque screws 
to 7 to 9 foot pounds. 

(5) Install coupling (11) on shaft and 
tighten screw (10) to a torque of 18 
foot pounds. Wedge a clean cloth 
between rotors to tighten screw. 

(6) Install cover (8) and gasket (9) and 
tighten screws (6) to a torque of 13 
to 17 foot pounds. 

(7) Install screws (34) in end plate and 
tighten securely. Lubricate ball bear- 
ings (37) with engine oil (OE 10) 


(8) Maxe a preiimmaiy cnecK oi rotor 
end clearances with a feeler gage. 
Check for minimum clearances 
shown on figure 12-5. Clearances 
should be fairly close to require- 
ments. 

(9) Before installing rotor gears (25 and 
26) observe the following: 

(a) The upper rotor gear (25) must 
have a right-hand helix; the lower 
rotor gear must have a left-hand 
helix. 

(5) A spline is omitted on each rotor 
shaft and a spline is omitted on 
each gear. The gears must be in- 
stalled on rotor shafts with the 
omitted splines in alinement. 

(c) The omitted splines on shaft must 
be up toward top of blower. A 
punch mark on the end of the 
shaft locates the omitted spline. 

(10) If shims (27) were used, install same 
amount of shims under gears as were 
removed during disassembly. 

(11) ' Rotate rotors to bring omitted 

splines on shaft in line and facing to- 
wai’d top of blower. 

(12) Place teeth of gears (25 and 26) in 
mesh with each other and with 
omitted splines in the gears in aline- 
ment and facing in the same direc- 
tion. Start the gears on the shafts, 
with splines alined correctly. 

(13) Use a 1/2 inch flat washer under 
each screw (21) and tighten screws 
uniformly to draw gears into posi- 
tion. Remove screws and flat wash- 
ers from shafts. 

(14) Install gear retaining washer (23) 
on upper shaft and coupling disk 
(24) on lower shaft. . Install screws 
with special lockwashers (22) on 
shafts and tighten screws to a torque 
of 55 to 65 foot pounds. Lugs on 
gear retaining washer must engage 
slots in upper gear hub and tab on 
special lockwasher must engage slot 
in gear retaining washer. Lugs on 
coupling disk must engage slots in 
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Figure Checking rotor clecurances. 


lower gear and tab on lockwasher 
must engage slot in coupling disk. 

(16) Check clearances of rotors as illus- 
trated on figure 12-4. Rotate clear- 
ances can be adjusted by moving one 
of the gears in or out on the shaft 
in relation to the other gear. Refer 
to figure 12-6 for location of shims 
to adjust lobe clearances. 

(16) Adjust lobe clearances as follows. 
Use feeler gages between lobes as 
illustrated on figure 12-4 to cheek 
clearances. 

(a) Clearance between trailing edge of 
upper rotor (figs. 12-5 and 12-6) 
and leading edge of lower rotor 
(CC clearance) measured at both 
inlet and outlet sides of blower 
assembly should be between 0.002 
and 0.006 inch. Keep clearance to 
0.002 inch if possible by placing 
shims as indicated on figure 12-6. 

(b) Clearance between leading edge 
of upper rotor and trailing edge of 
lower rotor (figs. 12-5 and 12-6) 
(C clearance) must be kept to the 
minimum of 0.012 inch. 

(c) Take measurements between rotor 
lobes at one inch from governor 


end, at center, and one inch from 
drive end. 

(d) Remove or install shims under 
gears until clearances are as speci- 
fied. Remove both gears from 
rotors when number of shims re- 
quires changing. 

(17) Check clearance between each rotor 
lobe and blower housing at both 

• ends of housing (A and B clear- 
ance). Twelve measurements are 
required in all as illustrated in fig- 
ure 12-7. 

(18) Install hub plates (19) on gear hub 
(20) and secure with screws (18). 
Install three spacers (17) and gear 
hub on upper drive gear and secure 
with screws (16). Tighten screws 
(16) to a torque of 25 to 80 foot 
pounds. 

Note. Splines in gear hub must run true 
within 0.020 inch total indicator reading. 

(19) Install rear cover (14) and new 
gasket (15) on housing and secure 
with screws 12 and lockwashers 
(13). Tighten screws to a torque of 
13 to 17 foot pounds. 

(20) Install drive shaft cover (4) and 
new gasket (6) and secure with 
screws (3). Tighten screws only fin- 
ger tight. 
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REQUIRED CLEARANCES 


AREA 

A 


C 


D 

E 

MIN. 

.007 

.009 

.014 

.002 

.016 

.004 

MAX. 




.006 




NOTE: TIME ROTORS TO DIMENSION ON CHART 
FOR CLEARANCE BETWEEN TRAILING SIDE 
OF UPPER ROTOR AND LEADING SIDE OF 
LOWER ROTOR (CC) FROM BOTH OUTLET 
AND INLET SIDE OF BLOWER 
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Figure lS-5. Rotor clea/ranoe chart. 


g. Installation. 

(1) Install governor drive housing and 
gasket on blower front end cover 
and secure with six screws and seal 
washers. 

(2) Cover only block side of gasket (44, 
fig. 12-3) with gasket cement. Slide 
cover (4) over drive shaft to aline 
shaft with splines in gear hub and 
install blower assembly on engine. 
Secure blower with screws (1) and 
lockwashers (2). Tighten screws to 
a torque of 55 to 60 foot pounds. 

(3) Tighten screws (3) securing cover 


to blower housing. Secure cover 
seal and clamps to cover. 

(4) Install clamp and oil level gage tube 
on blower rear cover with two screws 
and lockwashers. 

(5) Refer to paragraph 12-19 and install 
the governor. 

(6) Refer to TM 5-3805-237-12 and in- 
stall the water pump on the blower. 
Refer to paragraph 12-16 and install 
the fuel pump. 

(7) Refer to paragraph 12-5 and in- 
stall the air inlet housing. 

(8) Refer to paragraph 2-30 and install 
the air cleaner. 
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Figure 12-6. Location of shima to adjust lobe clea/ranoea. 
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Figure IS~7. Checking clecurmce between rotor lobe and housing. 

Section IV. EXHAUST SYSTEM 


12-7. General 

a. The engine exhaust system consists of 
an air cooled exhaust manifold connected di- 
rectly to the cylinder head exhaust ports, an 
exhaust flange or extension, and a vertically 
mounted muffler. A curved portion of the 
pipe extending from the muffler serves to di- 
rect the exhaust gases away from the operator 
and aids in keeping water, dirt, and debris out 
of the exhaust system. 

b. After the fuel is burned in the cylinders 
and has forced the piston down in the power 


stroke the scavenging air from the blower 
forces the exhaust gases from the cylinder. 
The gases enter the exhaust manifold, rise up 
through the flange, and pass through the 
muffler. A series of baffles within the muf- 
fler deaden the sound as the gases pass 
through and are ejected into the atmosphere. 

12-8. Exhaust System 

a. Removal. 

(1) Refer to TM 5-3805-237-12 and re- 
move the exhaust muffler and ex- 
haust flange from the engine. 
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(2) Remove the exhaust manifold from 
the engine in the numerical se- 
quence as illustrated in figure 12-8 
(items 10 through 16). Discard gas- 
kets. 




Figure 12-8, Exhaust system, exploded view. 


1 Screw, cap, hex-head, 5/16-18 X 1 1/4 in. 

2 Nut, 6/16-18 

3 Washer, lock, 6/16 in. 

4 Clamp 
6 Muffler 

6 Nut, 7/16-20 (4) 

7 Washer, lock, 7/16 in. 

8 Muffler, flange 

9 Flange gasket 

10 Nut, 7/16-20 (6) 

11 Washer, lock, 7/16 in. (6) 

12 Washer (8) 

18 Bracket (2) 

14 Exhaust manifold 
16 Manifold gasket (2) 

16 Stud (4) 

17 Pipe plug 

Figure 12-8 — Continued, 


h. Cleaning. Remove loose scale and car- 
bon from manifold, flange, and muffler. 

c. Inspection and Repair. 

(1) Inspect -manifold, flange, and muf- 
fler for cracks and evidence of 
leaks. 

(2) Inspect studs for damage. 

(3) Replace cracked or damaged parts or 
parts showing evidence of leaks. 

d. Installation. 

(1) Install the exhaust manifold (items 
16 through 10) in reverse of the nu- 
merical sequence as illustrated on 
figure 12-8. 

(2) Tighten studs to a torque of 26 to 
40 foot pounds. 

(3) Install manifold nuts (10) on studs 
and tighten nuts, starting with the 
two center nuts and working to the 
ends, to a torque of 30 to 86 foot 
pounds. 

(4) Refer to TM 5-3805-237-12 and in- 
stall the exhaust flange and muf- 
fler. Tighten flange nuts (6) to a 
torque of 20 to 25 foot pounds. 
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SecHon V. COOLING SYSTEM 


12-9. General 

tt. The cooling system on the motor grader 
consists of a radiator, cooling fan, water 
pump, water manifold, and hoses and tubes. 
Engine coolant is circulated by the water 
pump through the engine oil cooler, cylinder 
block, cylinder head, and water outlet naani- 
fold. 

6. The radiator is mounted on the rear of 
the motor grader and is protected by a grille. 
Shrouds attached to the radiator protect the 
cooling fan. Two taillights, floodlight, and 
blackout light are mounted on the grille. An 
inlet hose connects the radiator to the thermo- 
stat housing and a similar hose connects the 
radiator outlet to the oil cooler. 

c. The coolant flows through the oil cooler 
to the water pump. From the water pump it 
enters the lower part of the cylinder block. 
Passages in the block circulate the coolant 
around the cylinder bores and up into the 
cylinder head to cool the valves and fuel in- 
jectors. 

d, A water manifold mounted on the cylin- 
der head carries the collant to the thermostat 
housing. When the thermostat is open the 
coolant returns to the radiator through the in- 
let hose. If the engine has not reached oper- 
ating temperature and the thermostat is 
closed, the coolant is by-passed directly to 
the water pump and through the engine, aid- 
ing in decreasing the time required to reach 
operating temperature. 

1 2—1 0, Radiator, Grille, and Shrouds 

a. Removal. Refer to TM 5-3805-237-12 
and remove the radiator, grille, and shrouds 
from the motor grader. 

b. Disassembly. Disassemble the ra'diator, 
grille, and shrouds in the numerical sequence 
as illustrated on figure 12-9. 

c. Cleaning. Clean all dirt and debris from 
radiator, grille, and shrouds with water. 

d. Inspection and Repair. 

(1) Inspect radiator tanks and core for 
leaks and damage. Braze leaks if 
possible. Replace a badly damaged 
or leaking radiator, 


(2) Inspect shrouds, guards, and grille 
cover for dents, cracks, and damage. 
Straighten dents. Replace a badly 
damaged shroud or guard. Repair 
guards by welding if possible. 

(3) Inspect hoses for kinks, breaks, or 
evidence of leaks. Replace cracked 
or leaking hose. 

(4) Inspect lights for damaged lenses 
and burned out lamps. Refer to TM 
6-3805-237-12 to replace lenses and 
lamps. 

(6) Inspect all parts for damage. Re- 
place damaged parts. Replace ah 
gaskets. 

€. Reassembly. Reassemble the radiator, 
grille, and shrouds in reverse of the numeri- 
cal sequence as illustrated on figure 12-9. 

/. Installation. Refer to TM 6-3806-237-12 
and i'nstall the radiator on the moibor grader. 

12-11. Fan and Pulley 

a. Removal. 

(1) Refer to TM 5-8805-237-12 and re- 
move the radiator, shrouds, and fan 
from the motor grader. 

(2) Remove the fan shaft and fan pulley 
and hub from the engine in the 
numerical sequence as illustrated on 
figure 12-10. 

h. Disassembly. Disassemble the fan hub 
and pulley in the numerical sequence as il- 
lustrated on figure 12-10. 

(1) Using an arbor press and suitable 
tool, press fan shaft (17, fig. 12-10) 
from fan pulley and hub (18). 

(2) Press oil seals, bearings, shims, and 
spacer from pulley and hub. 

c. Cleaning. Glean all parts in cleanmg com- 
pound, solvent (Spec. P-S-061) and dry wilfch 
compressed air. 

Warning: The solvent is highly inflam* 
mable. Do not use solvent near an open flame. 

d. Inspection and Repair. 

(1) Inspect all parts for wear and dam- 
age. 
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(2) Inspect fan blades for dents and 
bent condition. Blades must be in 
good condition or excessive vibra- 
tion may result. Straighten bent 
blades to correct contour if possible. 
If badly bent, replace fan. 

(3) Inspect bearings for serviceable condi- 
tion. Inspect fan shaft for wear, burs, 
and scoring. Remove burs w'ith fine 
emery cloth. Replace fan shaft if 
worn or badly scored. 

(4) Replace all worn or damaged parts. 

e. Reassembly. 

(1) Reassemble the fan hub and pulley in 
reverse of the numericial sequence as 
illustrated on figure 12-1. 

(2) Press ball bearing (12) and oil seal 
(11) in bore of pulley and hub. Pack 
bore of hub with high temperature 
bearing grease (BR). 

(3) Press spacer (10) and oil seal (9) in 

hub. Place pulley and hub on a 
block and press fan shaft (17) 

through bearing, oil seal, and 

spacer. Do not damage oil seal when 
installing shaft through hub. 

(4) Install shims (8) (same number as 

removed at disassembly) and roller 

bearing (7) in hub and secure with 
washer (6) and screw (5). Place cap 
(4) in bore of hub. 

(5) Install support (26) on engine and 

secure with two screws (20) and 

screw (23). 

/. Installation. 

(1) Place fan belts (26) around fan pul- 
leys and crankshaft pulleys and in- 
stall fan shaft on support. Secure 
with four screws (14). 

(2) Refer to TM 5-3806-237-12 and ad- 
just fan belt tension. 

(3) Refer to TM 5-3805-237-12 and in- 
stall the radiator and shrouds on the 
motor grader. 

12-12. Water Pump, Thermostat, and 
Water Outlet Manifold 

a. General. The water pump is driven by 
a shaft from the blower. The coolant enters 
the pump from the oil cooler. A bypass tube 
connects the thermostat housing to the water 


pump and re-circulates coolant through the 
engine until the engine reaches operating 
temperature. Coolant enters the thermostat 
housing from the water manifold. 

h. Removal. 

(1) Refer to TM 5-3805-237-12 and re- 
move the thermostat and water pump 
from the engine. Remove screw (7, 
fig. 12-12) and drive coupling (8, 
fig. 12-12) from blower. 

(2) Remove Water outlet manifold from 
engine in the numerical sequence as 
illustrated on figure 12-11 Ctems 17 
through 24). Discard all gaskets. 

c. Disassembly. Disassemble the water 
pump in the numerical sequence as illustrated 
on figure 12-12 and the following instruc- 
tions. Discard all packings and gaskets. 

(1) Use a short steel bar and an arbor 
press and press the shaft through the 
impeller to shear the taper pin (22) 
and remove the shaft from the pump 
and impeller. 

(2) Remove impeller (21) and seal as- 
sembly (19) from the pump body. 

(3) Inspect steel insert (18) and if insert 
is worn, tap or press insert from 
body. 

(4) Remove the water slinger from the 
shaft. 

(5) If drive coupling (16) is damaged, 
install a round steel bar, slightly 
smaller in diameter than coupling 
bore, in a vice. Place coupling and 
shaft and bearing on bar. Use a 
steel pipe, with a larger inside diam- 
eter than the bearing, to drive cou- 
pling from shaft. 

(6) U.se a punch to drive sheared taper 
pin from shaft and impeller. Tap 
against small end of pin. 

d. Cleaning. Clean all parts, except shaft and 
bearing, in cleaning compound, soilvent (Spec. 
P-S-661) and dry thoroughly. Clean shaft 
and bearing in light oil (OE 10). 

Warning: The solvent is highly inflam- 
mable. Do not use solvent near an open flame. 

e. Inspection and Repair. 

(1) Rotate pump shaft bearing slowly 
by hand. Bearing must rotate 
smoothly with no evidence of rough 


12-15 




IfTI 


8 Screw, cap, hex-head, 3/8-16 X 1 1/4 in. (2) 

9 Washer, lock, 3/8 in. (2) 

10 Lamp bracket 

11 Screw, cap, hex-head, 1/2-13 X 1 1/4 in. (2) 

12 Washer, lock, 1/2 in. (2) 

18 Mounting bracket 

14 Screw, cap, hex-head, 3/8-16 X 7/8 in. (2) 

15 Washer, lock, 3/8 in. (2) 

16 Blackout taillight 

17 Screw, cap, hex-head, 3/8-16 X 1 in. (4) 

18 Washer, lock, 3/8 in. (4) 

19 Taillight (2) 

20 Screw, cap, hex-head, 6/16-18 X 1/2 in. (4) 

21 Washer, lock, 5/16 in. (4) 

22 Grille 

23 Screw, cap, hex-head, 6/16-18 X 1/2 in. (12) 

24 Screw, cap, hex-head, 6/16-18 X 3/4 in. (2) 

26 Washer, lock, 5/16 in. (14) 

26 Radiator shell 

27 Clamp (4) 

28 Clamp 

29 Inlet hose 

30 Outlet hose 

31 Screw, cap, hex-head, 1/4-20 X 1/2 in. (4) 

Figure 12-9- 


spots. Replace shaft and bearing' if 
rough spots are detected. 

(2) Inspect impeller and seal for wear 
and damage. Replace either if dam- 
age is evident. Seal must be replaced 
as an assembly including the spring. 

(3) Inspect pump body and counterbore 
for wear and scoring. Replace body 
if counterbore is damaged. 

(4) Inspect thermostat housing and 
manifold for cracks and evidence of 
leaks. Repair cracks and leaks if 
possible. Replace damaged housing 
or manifold. 

(6) Refer to TM 5-3805-237-12 and test 
the thermostat. Replace thermostat 
if it does not operaite properly* 

(6) Inspect hoses and clamps for good 
condition, and evidence of leaks or 
damage. Replace leaking hose or 
damaged clamp. 

(7) Check all parts against tolerances 
listed in Table 1-1. Replace all 
parts not conforming to repair and 
rebuild standards. 

/. Reassembly. Reassemble the water pump 
in reverse of the numerical sequence as illus- 
trated on figure 12-12 and the following 
instructions. 


32 Nut, 1/4-20 (4) 

33 Washer, lock, 1/4 in. (4) 

34 Screw, cap, hex-head, 6/16-18 X S/4 in. (4) 
36 Nut, 6/16-18 (4) 

36 Washer, lock, 6/16 in. (4) 

37 Washer, flat, 6/16 in. 

38 Right fan guard 

39 Left fan guard 

40 Screw, cap, hex-head, 3/8-16 X 1/2 in. (16) 

41 Washer, lock, 3/8 in. (16) 

42- Clamp (3) 

43 Right fan shroud 

44 Left fan shroud 
46 Radiator cap 

46 Cap gasket 

47 Drain plug 

48 Upper overflow tube 
4^ Tube union 

60 Lower overflow tube 

61 Screw, cap, hex-head, 1/2-13 X 1 in. (4) 

6,2 Washer, lock, 1/2 in. (4) 

63 Hose flange (2) 

64 Flange gasket (2) 

66 Radiator. 

•Continued. 


(1) If studs (25) were removed, seal 
threads on studs and tighten studs 
in body to a torque of 10-12 foot 
pounds. 

(2) Check counterbore of pump body 
(26) for any evidence of dirt before 
installing steel insert. Clean thor- 
oughly before installing insert. Press 
steel insert (18) into pump body, 
counterbored end first, until insert 
contacts shoulder. The insert is a 
0.0015 to 0.0033 press fit in the 
body. 

Note, Do not damage highly polished seal 
contact surface on insert when pressing 
insert into body. 

(3) Install slinger (17) on shaft and 
bearing (16) with flange of slinger 
3/16 inch from end of bearing. 

(4) Support impeller end of pump body 
on an arbor press and press slinger 
end of shaft and bearing into pump 
body. Press against outer race of 
bearing until bearing contacts 
shoulder in pump body. Stake the 
end of pump body in three places 
around bearing to prevent bearing 
from moving. 
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1 

2 

8 

4 

6 

6 

7 

8 
9 
19 
11 
12 
18 
14 


Screw, cap, hex— head, 6/16-18 X 1 1/4 in. (6) 
Washer, lode, 6/16 in, (6) 

Spacer 

dtp 

Screw, cap, hex-head, 1/2-29 X 1/2 in. 

Washer, bearing 
Boiler bearing 
Shim 
Oil seal 
Spacer 
Oil seal 
Ball bearing 
Pulley and hub 

Screw, cap, hex-head, 7/16-14 X 1 3/8 in. (4) 

Figure 12-: 


16 Washer, lock, 7/16 in. (4) 

16 Washer, flat, 7/16 in. (4) 

17 Fan shaft 

18 Screw, cap, hex-head, 6/16-18 X B in. 

19 Washer, flat, 5/16 in. 

20 Screw, cap, hex-head, 3/8-16 X 4 1/2 in. (2) 

21 Washer, lock, 3/8 in. (2) 

22 Washer, flat (2) 

23 Screw, cap, hex-head, 1/2-13 X 1 1/2 in. 

24 Washer, lock, 1/2 in. 

26 Fan mounting support 

26 Fan bdt (2) 

27 Fan 


> — Continued. 


(6) Apply a thin film of oil (OE 10) to 
face of steel insert. Apply a thin 
coiat of liquid so-ap to the inside diam- 
eter of the seal assembly (19), 
Slide seal assembly on pump shaft 
until carbon seal washer is firmly 
seated against steel insert. 

(6) Install spring (20) on shaft with 
small end toward seal. Install im- 
peller (21) on shaft with pin hole 
in shaft alined midway between two 
adjacent blades on impeller. 

(7) Support bearing end of shaft in an 
arbor press. Place a piece of steel 
pipe, with an inside diameter larger 
than the shaft, down on impeller and 
press the impeller on the shaft. Face 
of impeller must be 0.052 to 0.072 
inch above face of pump body. 

(8) Drill a hole, using a 0.184 drill, 
through impeller hub to aline with 
hole in shaft. Drive taper pin (22) 
into hub and shaft. 


(9) Support impeller end of pump shaft 
and install drive coupling (15) on 
shaft. Drive coupling on shaft, us- 
ing a brass hammer, until face of 
coupling is flush with end of shaft. 

Note. Drive coupling must be tight on 
shaft. 

(10) Install pump cover and complete re- 
assembly of water pump. 
g. Installation. 

(1) Install blower drive coupling (8, fig. 
12-12) on blower shaft and secure 
with screw (7, fig. 12-12). Tighten 
screw to a torque of 15 to 19 foot 
pounds. Refer to TM 5-3805-237- 
12 and install the water pump on en- 
gine. 

(2) Install water outlet manifold and 
thermostat housing on engine in re- 
verse of the numerical sequence an il- 
lustrated on figure 12-11. 

(3) Refer to TM 5-3805-237-12 and in- 
stall the thermostat in the thermo- 
stat housing. 


12-19 
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2 

3 

4 
6 
6 

7 

8 
9 

10 

11 

12 
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Screw, cap, hex-head, 6/16-18 X 2 1/2 
Washer, lock, 6/16 in. (4) 

Outlet elbow 
Gasket 
Drain cock 
Thermostat 
Clamp(2) 

Hose 

Screw, cap, hex-head, 3/8-16 X 1 7/8 in 
Washer, lock, 3/8 in. 

Clamp 

Spacer 


18 Pipe plug (2) 

14 Pipe plug 

10 Housing and bypass tube 

16 Gasket 

17 Temperature gage sending unit 

18 Pipe bushing 

19 Nut, 3/8-24 (8) 

20 Washer, lock, 3/8 in. (8) 

21 Water outlet manifold 

22 Gasket (4) 

23 Pipe plug 

24 Pipe plug 


Fwure 12-11. Thermostat and water outlet 


manifold, exploded 


view. 
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1 

2 

S 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 


Screw, w/washer (3) 

Gasket 

Screw, cap, hex-head, 6/10-48 X 1 1/2 in. (2) 
Washer, lock, 6/16 in. (2) 

Outlet flange 
Flange packing 

Screw ,cap, hex-head, 6/16-24 X 1 1/2 in. 

Blower drive coupling 

Drain cock 

Elbow connector 

Nut, 1/4-28 (4) 

Washer, lock, 1/4 in, (4) 

Pump cover 


14 Cover gasket 
16 Drive coupling 

16 Shaft and bearing 

17 Slinger 

18 Steel insert 

19 Seal assembly 

20 Spring 

21 Impeller 

22 Taper pin 

23 Clamp 

24 Seal 

26 Stud (4) 

26 Pump body 


Figure 12-1$. Water pump assembly, exploded view. 


12-21 


Section V. FUEL SYSTEM 


12-13. General 

a. The fuel system on the motor grader con- 
sists of a fuel tank mounted behind the cab 
assembly, fuel outlet and return lines, a fuel 
strainer (primary filter), fuel pump, fuel fil- 
ter (secondary filter) fuel manifolds, and the 
fuel injectors. 

h. Control of the fuel is maintained by a 
mechanical variable speed governor, operated 
through a linkage by either a foot accelerator 
or hand throttle. An accelerator- decelerator 
assembly in the linkage allows the O’perator to 
depress a rear pedal and decelerate the en- 
gine when slowing or shifting gears. 

c. The maximum speed of the engine (gov- 
ernor overrrun) is 2,140 rpm, with a governed 
speed of 1,976 rpm. Drive for the governor 
is supplied by the blower shaft. The governor 
is lubricated through oil lines from the en- 
gine block. 

d. Fuel is drawn from the fuel tank (fig. 
12-13) through the fuel strainer by the fuel 
pump. From the fuel pump the fuel is forced 
under pressure through the fuel filter (fig. 
12-13). From the fuel filter the fuel is 
forced into the inlet manifold and to the inlet 
side of the injectors. Excess fuel, or fuel not 
used in engine operation, is returned through 
the outlet manifold to the fuel tank through 
the fuel return line. The fuel manifolds are 
cast as an integral part of the cylinder head. 
The elbow or fitting from the outlet fuel 
manifold has a restricted opening to main- 
tain the proper pressure within the fuel sys- 
tem. 

e. The injectors are located in the cylinder 
head and are protected by valve rocker cover. 
Fuel connectors in the cylinder head connect 
the injectors to the fuel manifolds, with fuel 
inlet and outlet pipes (fig. 12-13) delivering 
fuel to and from the injectors. 

1 2—1 4. Fuel Tank and Lines 

a. General, The fuel tank is mounted at 
the rear of the cab assembly. The tank sup- 
ports the cold weather starting aid valve and 
voltage regulator on the engine compartment 
side of the tank. A bracket, on the left side 


of the tank, supports the air cleaner. The 
right side of the tank support has the hour- 
meter and battery charging receptacle. A large 
welded tank within the left side of the fuel 
tank contains the hydraulic reservoir and fil- 
ter. 

b. Removal 

(1) Refer to TM 6-3806-237-12 and re- 
move the following: 

(a) Throttle linkage. 

(Zj) Voltage regulator. 

(c) Hourmeter and battery charging 
receptacle. 

id) Hydraulic reservoir filter. 

(e) Engine hood. 

(2) Refer to paragraph 2-80 and remove 
the air cleaner. 

(3) Refer to paragraph 12-5 and remove 
the engine emergency shutdown' ca- 
ble and cold weather starting aid. 

(4) Refer to paragraph 7-4 and discon- 
nect hydraulic lines from hydraulic 
reservoir. 

(6) Remove all clamps and wires at- 
tached to the fuel tank, 

(6) Remove the drain plug and drain the 
fuel tank into a suitable container. 

(7) Remove the fuel tank in the numer- 
ical sequence as illustrated on figure 
12-14 (items 23 through 47) and the 
following instructions. 

(8) Ddlsconnect fuel outlet line (25) from 
elbow (30) and engine outlet tube. 

(9) Disconnect return fuel line (24) 
from union (26) and fuel strainer. 

(10) Remove nylon ties (23) and re- 
move fuel lines. 

c. Cleaning. Clean dirt and debris from all 
external parts with water and wipe dry. Clean 
strainers and interior of fuel tank and hydrau- 
lic reservoir with cleaning compound, solvent 
(Spec. P-S-661) and dry thoroughly. Remove 
all traces of solvent from fuel tank, strainers, 
and reservoir. 

Warning: The solvent is highly inflam- 
mable. Do not use solvent near an open flame. 
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1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 



Screw, cap, hex-head, 3/8-16 X 1 1/4 in. (2) 
Screw, cap, hex-head, 3/8-16 X 3/4 in. (4) 

Washer, Icx:k, 3/8 in. (6) 

Nut, 3/8-16 (2) 

Washer, cut, 3/8 in. (2) 

Screw, cap, hex-head, 3/8-16 X 1 1/8 in (2) 
Nut, 3/8-16 (2) ^ 

Washer, lock, 3/8 in. (2) 

Bar 

Nut, lock, 5/16-18 (2) 

Washer, cut, 5/16 in. (2) 

Hook bolt (2) 

Engine hood 

Screw, cap, hex-head, 1/4-20 X 3/4 in. (41 
Nut, 1/4-20 (4) 

Washer, lock, 1/4 in. (4) 


17 Battery charging receptacle 

18 Screw, machine (3) 

19 Hourmeter 

20 Resilient mount 

21 Screw, machine (2) 

22 Identification plate 

23 Nylon tie (3) 

24 Return fuel line 
26 Outlet fuel line 

26 Union 

27 Shutoff valve 

28 Pipe fitting 

29 Lower fuel strainer 

30 Elbow 

31 Pipe bushing 

32 Drain plug 


Figure Fuel tank and engine hood, exploded view. 
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33 Screw, cap, hex-head, 5/16-18 X 1/2 in. 

34 Washer, lock, 5/16 in. 

35 Clamp 

36 Overflow tube 

37 Elbow 

88 Compression 

39 Fuel tank dipstick 

40 Fuel tank filler cap 

41 Cap gasket 


42 Upper fuel strainer 

43 Screw, cap, hex-head, 6/8-16 X 1 1/2 in. (4) 

44 Washer, flat, B/8 in. (4) 

45 Nut, lock, 6/8-26 

46 Fuel tank 

47 Screw, cap, hex-head (3) 

48 Washer, lock (3) 

49 Cushioned clamp (3) 


Figure IS-H — Continued. 


d. Inspection and Repair, 

(1) Inspect all parts for wear and dam- 
age. 

(2) Inspect fuel tank, reservoir, and fuel 
lines for evidence of leaks. Inspect 
fuel lines for cracks and deteriora- 
tion. 

(3) Repair leaks in tank and reservoir by 
welding if possible. Replace a badly 
damaged tank. 

(4) Replace leaking, cracked, or deteri- 
orated fuel lines. 

(5) Inspect overflow tube for dents and 
bends. Straighten tube if possible. 
Replace damaged tube. 

(6) Inspect engine hood for cracks, 
bendsi or damage. Straighten hood 
if possible. Replace a badly dam- 
aged hood. 

(7) Replace all worn or damaged parts. 

e. Installation. 

(1) Install the fuel tank and components 
in reverse of the numerical sequence 
as illustrated on figure 12-14 (items 
47 through 23). 

(2) Connect outlet and return fuel lines 
to the fuel strainer and engine out- 
let tube. 

(3) Connect all wires and install clamps 
on fuel tank. 

(4) Refer to paragraph 2-30 and install 
the air cleaner. 

(5) Refer to paragraph 7-4 and connect 
the hydraulic lines to the reservoir. 

(6) Refer to paragraph 12-5 and install 
the engine emergency shutdown ca- 
ble and the cold weather starting aid. 

(7) Refer to TM 5-3805-237-12 and in- 
stall the following: 

(a) Engine hood 


(5) Hydraulic reservoir filter 

(c) Hourmeter and battery charging 
receptacle 

(d) Voltage regulator 

(e) Throttle linkage. 

12—15. Fuel Filter and Fuel Strainer 

a. General. The fuel strainer and fuel fil- 
ter are mounted on the right side of the en- 
gine forward of the blower. The fuel strainr 
has a cloth or ''sock-type" element and is con- 
nected between the fuel tank and the fuel 
pump. The fuel filter is connected between 
the fuel pump and the fuel manifold. 

b. Removal. Refer to figure 12-15 and re- 
move the fuel filter and fuel strainer and lines 
from the engine. 

c. Disassembly. Disassemble the fuel filter 
and fuel strainer in the numerical sequence as 
illustrated in figure 12-1. Discard all gas- 
kets, seals and elements. 

Note. Refer to TM B-3806-237-12 for service instruc- 
tions pertaining to the fuel filter and strainer. 

d. Cleaning. Clean all parts in cleaning com- 
pound, solvent (Spec. P-S-661) and dry with 
compressed air. 

Warning: The solvent is highly inflam- 
mable. Do not use solvent near an open flame. 

e. Inspection and Repair. 

(1) Inspect all parts for cracks, damage, 
and evidence of leaks. 

(2) Inspect fuel lines for bends or dam- 
age which might restrict flow of 
fuel. Straighten lines, if possible. 
Replace damaged fuel lines. 

(3) Inspect manifold elbows for dam- 
aged threads and leak proof fit. Re- 
place elbows with damaged threads. 

(4) Replace all damaged or leaking 
parts. 
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STEP I. OPEN DRAIN COCKS AND DRAIN FILTER AND STRAINER. 

STEP 2. DISCONNECT FUEL TANK-TO-STRAINER FUEL LINE FROM STRAINER. 
STEP 3. REMOVE SCREW AND WASHER AND REMOVE CLAMP. 

STEP 4. DISCONNECT FUEL STRAINER-TO-FUEL PUMP FUEL LINE FROM 
STRAINER AND FUEL PUMP. 

STEP 5. ‘ REMOVE TWO SCREWS, LOCK WASHERS, AND NUTS AND REMOVE 
FUEL STRAINER FROM BRACKET. 

STEP 6. REMOVE TWO SCREWS AND LOCK WASHERS AND REMOVE FUEL 
STRAINER MOUNTING BRACKET. 

STEP 7, DISCONNECT FUEL PUMP-TO-FUEL FILTER FUEL LINE FROM 
FUEL FILTER AND FUEL PUMP. REMOVE NYLON TIES AND 
REMOVE FUEL LINE. 

STEPS. DISCONNECT FUEL FILTER-TO-FUBL MANIFOLD FUEL LINE 
FROM FUEL FILTER. 

STEP 9. REMOVE TWO SCREWS, LOCK WASHERS, AND FLAT WASHERS 
AND REMOVE FUEL FILTER. 

STEP 10. DISCONNECT FUEL FILTER-TO-FUEL MANIFOLD FUEL LINE 

FROM ELBOW IN MANIFOLD. REMOVE ELBOW FROM MANIFOLD. 
STEP 11. DISCONNECT FUEL RETURN LINE FROM ELBOW IN FUEL 

MANIFOLD AND FUEL TANK RETURN LINE. REMOVE ELBOW 
FROM MANIFOLD. 

STEP 12. REMOVE NUT AND LOCK WASHER AND REMOVE CLAMP AND 
FUEL RETURN LINE. 

NOTE: AFTER INSTALLING, FILL FILTER AND STRAINER WITH 
CLEAN DIESEL FUEL TO PRIME FUEL SYSTEM. 
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Figure 12-15. Fuel filter and strainer, removal and installation. 
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/. Reassembly. Reassemble the fuel filter 
and fuel strainer in reverse of the numerical 
sequence as illustrated on figure 12-16. 

g. Installation. Refer to figure 12-16 and 
install the fuel filter, fuel strainer, and fuel 
lines. 

(1) Remove pipe plugs in fuel filter and 
fuel strainer covers and fill strainer 
and filter with clean fuel to prime 
filters. 

(2) Start grader engine (TM 5-3805- 
237-12) and check fuel system for 
leaks. 

12-16. Fuel Pump 

а. General. The fuel pump is a posi- 
tive displacement gear type pump. The pump 
sucks the fuel from the fuel tank, through 
the fuel strainer, and delivers it to the fuel 
filter and injectors. To assure a sufficient 
quantity of fuel at the injectors the pump cir- 
culates an excess supply of fuel. The unused 
fuel is returned to the fuel tank through the 
return fuel line. Drive for the fuel pump is 
supplied from the blower. The shaft rotates 
in two oil seals to prevent leakage. The pump 
cover and body are set on two dowel pins to 
assure correct shaft alinement. The cover and 
body mating surfaces are perfectly flat and re- 
quire no gasket. Two gears provide the 
pumping action. A relief valve in the pump 
body will by-pass fuel to prevent excessive dis- 
charge pressures. Refer to figure 12-17 for a 
cutaway view of the fuel pump. 

б. Removal. Refer to figure 12-18 and re- 
move the fuel pump from the engine. Remove 
the drive coupling fork (2, fig. 12-19) from 
the pump drive shaft. Remove gasket (3, fig. 
12-19). 

c. Disassembly. Disassemble the pump in the 
numerical sequence as illustrated on figure 
12-19 and the following instructions. Discard 
all gaskets and oil seals, if removed. 

(1) Remove drain tube (4) from pump 
body. Remove fittings and pipe 
plug. 

(2) Secure the fuel pump in a vise with 
soft jaws or suitable holding fixture 
with the pump cover side up. Re- 


move eight screws with seal washers 
(8) and remove pump cover (9). 
Carefully remove cover to prevent 
damage to finished face of body and 
cover. 

(3) Remove drive shaft and drive gear 
from pump body. Press drive shaft 
(13), square end up, from drive gear 
(12) far enough to remove ball 
(11). Reverse shaft and press shaft 
from drive gear. Do not press 
square end through drive gear to 
prevent damage to oil seal contact 
surface on shaft. 

(4) Remove driven shaft (14) and gear 
(15) from pump body. Do not sep- 
arate gear and shaft. 

(5) Remove relief valve plug and parts 
from pump body. 

(6) Inspect all seals (21) for damage 
and condition of sealing surfaces. If 
seals are damaged, remove seals. 
Check position of inner oil seal lip 
before removing. Install new seal in 
same position. 

(7) Clamp pump body in a vise with 
soft jaws. Use a suitable tool to 
drive seals from pump body. 

d. Cleaning. Clean all pump parts in clean 
fuel oil and blow dry with compressed air. 

e. Inspection and Repair. 

(1) Inspect teeth of gears for scoring, 
chipping, and wear. Check ball slot 
in drive gear for wear. Replace 
gears if scored, clipped, or worn. 

Note. Driven gear and shaft must be 
replaced as an assembly. 

(2) Inspect the drive and driven shafts 
for scoring or wear. Check seal 
contact surface of drive shaft for 
scoring. Replace shafts if scored or 
worn. 

(3) Inspect pump body and cover for 
scratches and damage to finished 
faces. Replace body or cover if face 
is scored or damaged. Inspect for 
wear at contact surfaces for shafts 
and gears. Replace cover or body if 
worn. 
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1 Screw, cap, hex-head, 1/2-13 X 1 1/8 in, 

2 Washer, lock, 1/2 in. 

3 Clamp 

4 Fuel strainer-to-fuel pump fuel line 

6 Screw, cap, hex-head, 8/8-24 X 1 1/4 in. (2) 

6 Nut, 3/8-24 (2) 

7 Washer, lock, 3/8 in. (2) 

8 Drain cock 

9 Pipe plug (2) 

10 Inlet elbow 

11 Outlet elbow 

12 Cover screw 

13 Gasket 

14 Cover 

16 Cover gasket 

16 Element (sock type) 

17 Shell 

18 Screw, cap, hex-head, 3/8 X 1 in. (2) 

19 Washer, lock, 3/8 in. (2) 

20 Bracket 

21 Nylon tie (2) 

22 Clamp 

23 Fuel pump-to-fuel filter fuel line 

24 Fuel filter-to-fuel manifold fuel line 


25 Screw, cap, hex-head, 3/8-16 X 1 in. (2) 

26 Washer, lock, 3/8 in. (2) 

27 Washer, flat, 3/8 in. (2) 

28 Drain cock 

29 Pipe plug (2) 

80 Outlet elbow 

31 Inlet elbow 

32 Cover screw 

33 Gasket 

34 Cover 

36 Cover gasket 

36 Element 

37 Retainer 

38 Seal 

39 Washer 

40 Spring 

41 Shell 

42 Nut, 3/8-16 

43 Washer, lock, 3/8 in. 

44 Clamp 

45 Fuel return line 

46 Elbow 

47 Restriction elbow 

48 Seat 


Figure 12-16 — Continued. 


(4) Inspect relief valve and valve seat in 
body for score marks and burs. Clean 
burs and scores with fine corcus or 
emery cloth if possible. Replace 
valve if badly scored or burred. 

(5) Check relief valve spring for weak 
or broken condition. Spring should 
have a free length of 1.97 inches and 
load rating of 7.3 pounds at 1.18 
inches. If spring is broken, or does 
not meet the above specifications, 
replace spring. 

(6) Replace all worn or damaged parts. 

/. Reassembly. Reassemble the fuel pump 

in reverse of the numerical sequence as illus- 
trated on figure 12-19 and the following in- 
structions. 

(1) Lubricate the lips of the oil seal, 
with engine oil (OES) and install 
the seals in the body, using a suit- 
able installing tool. Install inner 
oil seal with lip of seal facing the 
same way as when damaged seal was 
removed. Install outer oil seal with 
lip of seal facing out. 

(2) Clamp pump body (22) in a vise 
with soft jaws with the relief valve 
davity up. Lubricate relief valve 


(20) With engine oil (OES) and in- 
stall valve in cavity with hollow end 
up. Install relief valve spring (18) 
in valve and pin (19) inside of 
spring. Install gasket (17) and 
plug (16) and tighten securely. 

(3) Lubricate drive gear (13) and drive 
shaft (12) with engine oil (OES). 
Press drive gear on drive shaft from 
round end of shaft. Press gear on 
shaft beyond ball detent in shaft. 
Place ball (11) in detent and press 
gear back on shaft until end of slot 
in gear contacts ball. 

(4) Lubricate pump shaft with engine 
oil (OES) and insert square end of 
shaft into bore of pump body and 
through oil seals. Be careful not to 
damage oil seals while installing 
shaft. 

(5) Install driven gear (15) and shaft 
(14) in pump body. 

(6) Place pump body in a vise with soft 
jaws with finished face of pump fac- 
ing up. Apply a very thin coat of 
gasket sealer to the faces of the 
pump body and cover. Install cover 
(9) on pump body, alining holes 
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Figure 12-17 . Fuel pump, cutaway view. 


with dowel pins. Secure cover to 
body with eight screws and seal 
washers (8). Tighten screws alter- 
nately and evenly to secure cover to 
body. 

(10) Remove pump from vise and rotate 
pump shaft to be sure all parts ro- 
tate freely. If binding exists, tap cor- 
ner of body with a leather hammer 
to relieve binding, if necessary. 

g. Installation. Refer to figure 12-18 and 
install the fuel pump on the engine. 


12-17. Fuel Injectors 

a. General. 

(1) Six fuel injectors supply fuel to the 
cylinders. The injectors build the 
pressure and meter the fuel without 
use of a fuel injection pump. No 
high pressure fuel lines or air-fuel 
mixing or vaporizing devices are re- 
quired. 

(2) This type of injection is known as 
unit injection, with each injector act- 
ing as a unit or pump in its own 
right. The movement of the plunger 
(fig. 12-20) creates high fuel pres- 
sure by compressing the fuel in a 
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STEP 1. DISCONNECT FUEL PUMP-TO-FUEL FILTER FUEL 
LINE FROM FUEL PUMP. 

STEP 2. DISCONNECT FUEL STRAINER~TO-FUEL PUMP 
FUEL LINE FROM FUEL PUMP. 

STEP 3. REMOVE THREE FUEL PUMP MOUNTING SCREWS 
WITH SEAL WASHERS. 

STEP 4. REMOVE FUEL PUMP FROM BLOWER. 

MEC 3805-237-35/12-18 


Figure 12 - 18 . Fuel pump, removal and installation. 


small area. Through timing of the 
injector control rack (fig. 12-20) the 
correct amount of fuel is metered 
and’ injected under pressure into the 
cylinder. The pressure at which the 
fuel leaves the small holes in the 


spray tip causes the fuel to atomize 
instantly upon entering the air in the 
cylinder. Unit type injection provides 
a continuous flow of fuel. 

(3) Metering of the fuel is accomplished 
by an upper and lower helix ma- 
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1 

Screw, w/seal washer (3 rqr) 

12 

Drive gear 

2 

Drive coupling fork 

13 

Drive shaft 

3 

Pump gasket 

14 

Driven shaft 

4 

Drain tube 

15 

Driven gear 

5 

Fitting 

16 

Plug 

6 

Fitting (2 rqr) 

17 

Gasket 

7 

Pipe plug 

18 

Relief valve spring 

8 

Screw, w/ washer (8 rqr) 

19 

Pin 

9 

Pump cover 

20 

Relief valve 

10 

Dowel pin 

21 

Oil seal (2 rqr) 

11 

Ball 

22 

Pump body 
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Figure 12-19 Fuel pump, exploded view. 


chined in the lower end of the in- 
jector plunger. Rotation of the 
plunger allows more fuel to enter 
the injector. Rotation of the plunger 
and its relationship to the upper and 
lower ports are illustrated in figure 
12 - 21 . 

(4) The fuel flow through the injector 
is continuous, preventing air pockets 
in the fuel system. Fuel flow also 
acts as a coolant for the fuel injector 
parts subjected to high combustion 
temperatures. 

(5) The injectors used in the engine are 
80 mm (millimeter) injectors. This 
size is used to provide the power re- 


quirements of the motor grader en- 
gine. 

h. Operation. 

(1) Fuel under pressure enters the inlet 
side of the injector through the fil- 
ter cap and filter element (fig. 12- 
20). A drilled passage carries the 
fuel into a supply chamber between 
the plunger bushing and spill de- 
flector (fig, 12-20) and to tiie a'rea 
under the plunger within the bush- 
ing. Vertical movement of the 
plunger within the bushing, the bore 
of which is open to the fuel supply 
through upper and lower ports in 
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Figme 12-SO. Fuel injector, cutaway view. 
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Figure 12-21. Fuel metering from no load to full load by plunger rotation. 


the bushing, compresses the fuel. 
The plunger stroke is illustrated on 
figure 12-22. 

(2) Rocker arm motion is transmitted to 
the plunger by the injector follower 
(fig. 12-20) which pushes the fol- 
lower spring and plunger down. 
This motion compresses the fuel and 
forces it out through the injector tip. 

(3) In addition to the reciprocating 
vertical motion, the plunger can be 
rotated within the bushing, during 
operation, by the gear (fig, 12-20) 
which meshes with the control rack. 
The controil rack is actuated by a le- 
ver on the injectO'r control tube. Mo- 
tion of the tube and lever is con- 
trolled by the governor through the 
fuel control rod. 


(4) As the plunger is forced down by the 
injector rocker arm, that portion of 
the fuel trapped under the plunger 
is displaced into the supply chamber 
until the port is closed off by the 
plunger (fig. 12-21). A portion of 
the fuel trapped below the plunger 
is forced up through the central pass- 
age (fig. 12-21) in the plunger and 
into the supply chamber through 
the upper port. 

(5) Further downward travel of this 
plunger closes both ports and the 
remain'ing fuel under the plunger 
is subjected to increased pressure by 
the continued downward movement 
of the plunger. 

(6) When sufficient pressure is built up 
the injector valve (fig. 12-20) is 
forced from its seat and fuel is 
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Figure 12~22, Injector operation and vertical travel of injector plunger. 


forced through the valve and out 
through the tip. 

(7) The check valve (fig. 12-20) pre- 
vents air leakage from the combus- 
tion chamber into the fuel injector 
if the injector valve should be held 
open by dirt or other foreign mat- 
ter. 

(8) At the end of its stroke, the plunger 
is freed from the rocker arm pres- 
sure and is returned to its original 
position through action of the fol- 
lower spring (fig. 12-20). The top 
of the plunger is held in a slot in 
the follower and so is moved when 
the follower moves. 

(9) As the plunger moves upward the 
cylinder within the bushing is again 
filled with fuel. This constant circu- 


lation of fresh cool fuel through the 
injector renews the fuel supply in 
the chamber, helps cool the injector, 
and also removes all traces of air 
which might accumulate in the sys- 
tem and interfere with accurate me- 
tering of the fuel, 

(10) The fuel outlet in the injector is ad- 
jacent to the inlet. A filter element 
in the outlet is identical to the ele- 
ment in the inlet side. Connected to 
the outlet is a fuel pipe which car- 
ries the excess fuel to the outlet 
manifold and from there it returns to 
the fuel tank. 

(11) The position , of the helix on the 
plunger is the major element in tim- 
ing and metering the fuel. Eotation 
of the plunger and helix retards 
or advances the closing of the ports 
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and the beginning and ending of 
the injection period. It also increases 
and decreases the amount of fuel in- 
jected into the cylinder. Figures 12- 
21 and 12-22 illustrate the various 
plunger positions. 

(12) Figure 12-21 illustrates the plunger 
positio-ns from NO LOAD TO 
FULL LOAD. With the injector 
control rack (fig. 12-20) pulled out 
all the way (no injection) the helix 
does not close the upper port until 
the lower port is uncovered. With the 
rack in this position all the fuel is 
forced back into the supply chamber 
and no injection takes place. This po- 
sition occurs when the engine shut- 
off lever is pulled out, stopping the 
engine. 

(13) Pushing the control rack all the way 
in gives full injection. In this posi- 
tion the upper port (fig. 12-21) is 
closed shortly after the lower port 
has been covered, producing a maxi- 
mum effective stroke and maximum 
injection. 

(14) From the fully closed position (no in- 
jection) to the full injection posi- 
tion (control rack all the way in) ro- 
tation of the plunger and the con- 
tour of the helix advances the clos- 
ing of the ports and the beginning 
of injection. This controls the 
speed of the engine. 

c. Injer.tor Care and Maintenance Instruc- 
tions. 

(1) The injectors are the most important 
single item in engine operation. They 
are precisely built and must operate 
efficiently at all times. Therefore 
the injectors must be maintained 
in as close to first class condition as 
possible. 

(2) The fuel system must be kept in 
goiod order. Correct fuel filters and 
replacement of filters at proper in- 
tervals must be adhered to. Clean 
water-free fuel must be available for 
use as much as the situation permits. 

(3) Extreme cleanliness and strict atten- 


tion to injector service instructions 
must be paramount. Wherever pos- 
sible injectors should be serviced in 
a clean, well lighted room with a 
dust-free atmosphere. 

(4) When not actually repairing or work- 
ing on injector parts, keep parts im- 
mersed in clean fuel oil. Place parts 
in baskets or other containers to im- 
merse in the fuel oil and to keep 
parts from dirt at bottom of the 
tank. 

(5) Never use waste or rags to clean 
parts. Lint or other particles can clog 
injector passages. Use a clean lint 
free cleaning tissue to wipe parts. 
A supply of properly filtered com- 
pressed air should be available to 
blow parts dry. 

(6) Keep all injector ports in the injec- 
tor itself and the cylinder head 
plugged or covered whenever they 
are exposed to the atmosphere. 

(7) After removal, repair, and reinstalla- 
tion, the injectors must be timed and 
the control rack positioned for prop- 
er engine operation. 

(8) Always be sure new filters have been 
installed before placing an injector 
in stock. 

(9) When placing a reconditioned injec- 
tor in stock, fill the injector with a 
preservative oil (PE-1) and seal all 
openings. 

d. Removal. 

(1) Refer to TM 5-3806-237-12 and re- 
move engine hood. 

(2) Refer to figure 12-23 and remove 
and disassemble the valve rocker 
cover as follows: 

(a) Loosen two bolts (3) and remove 
valve rocker cover (4) and gasket 
(5) from engine. 

(b) Remove two pins (1) from bolts 
and remove two bolts and washers 
(2) from cover. 

(c) Remove two studs (6) from cylin- 
der head. 

(3) Disconnect and remove the inlet and 
ouitlet fuel pipes (fig. 12-24). In- 
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stall caps on injector fuel inlet and 
outlet to prevent entrance of dirt. 

(4) Turn the engine over with a bar to 
bring the outer ends of the push 
rods of the injector and valve rocker 
arms (fig. 12-24) in line horizontal- 
ly. 

(5) Remove two rocker shaft bracket 
bolts (fig. 12-24) and swing rocker 
arms away from injector and valves 
as illustrated on figure 12-24. 

(6) Remove screw and washer (fig. 12- 
24) and remove injector clamp. 

(7) Loosen the inner and outer adjusting 
screws (fig. 12-24) on injector rack 
control lever and slide lever away 
from injector. 

(8) Remove the injector from its seat 
in cylinder head with injector tool 
(Table 2-1) as illustrated in figure 
12-24. 

(9) Cover or plug injector hole in cylin- 
der head to keep foreign material 
out. 



4 Valve rocker cover 

5 Gasket 

6 Stud (2 rqr) 
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Figure 12 — 23 . Valve rocket cover, exploded view. 


(10) Clean the exterior of the injector 
with clean fuel oil and dry with com- 
pressed air. 

(11) If necessary, remove the remaining 
five injectors from the cylinder head 
in the same manner. 

e. Testing. Inspect the injector for any ex- 
ternal damage and perform the following tests 
to check injector operation. Injectors found 
to be in serviceable condition as the result of 
these tests may be considered satisfactory for 
service without disassembly except for a vis- 
ual inspection of the plunger. Disassemble 
the injector far enough to inpect the plunger. 
When disassembling to inspect plunger, re- 
move and clean injector nut and filter caps 
and install new filters and cap gaskets. After 
testing, tag each injector to record valve open- 
ing pressure and fuel output and to provide 
identification for each injector. 

(1) Injector rack and plunger movement 
test. 

(a) Push injector with follower (fig. 
12-20) against bench. Push 
against injector to depress fol- 
lower to the bottom of its stroke. 

Caution: When depressing fol- 
lower, keep hands away from area 
of injector spray tip. Any fuel 
oil remaining in the injector will 
be forced out under pressure. The 
force of the pressure could drive 
the fuel through the skin and into 
the blood stream where blood 
poisoning could result. This cau- 
tion applies to all injector tests. 

(&) With follower depressed, move 
contro'l rack (fig. 12-20) back and 
forth. 

(c) Follower must depress freely and 
rack movement must be free. 

(ci) Any binding or lack of free move- 
ment in plunger or rack indicates 
damaged or dirty internal parts 
and injector must be repaired. 
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Fiffure 12-^i. Fuel injector, removal and installation. 


(2) Valve opening pressure test. 

(a) Install injector in a suitable test 
fixture equipped with a pressure 
gage insitalled to read pTiessure 
when injector sprays fuel. A test 
fixture similar to the one illus- 
trated on figure 12-25 should be 
used. 


(b) Pump fixture handle to purge all 
the air from the injector and test 
fixture. 

(c) Set fixture to move the injector 
control rack (fig. 12-20) to the 
full fuel position (all the way in). 

(d) Pump handle with smooth even 
strokes and record pressure on 
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Figure 12 - 25 , Fuel injector installed in test fixture. 


gage when injector sprays fuel. 
This is the valve opening pres- 
sure. 

(e) Pressure should read 450 to 850 
psi. If pressure is not in the 
above range, repair injector. 

(3) Valve holding 'pressure test. This 
test determines whether the lapped 
surfaces in the inje-ctor are sealing 
properly. 

{a) With injector installed in test fix- 
ture as above, pump handle to 
bring pressure up to a point just 
below the injector valve opening 
pressure. 


(b) Close the fuel shutoff valve on 
fixture and record and time the 
pressure drop on the gage. Pres- 
sure drop from approximately 450 
psi to 250 psi must not be less 
than 40 seconds. 

(c) If pressure drops as indicated in 
less than 40 seconds, check injec- 
tor for leaks. Thoroughly dry in- 
jector with compressed air. Open 
fuel shutoff valve and pump 
handle to increase pressure to ap- 
proximately 450 psi. 

(cf) Check injector rack opening for 
fuel leakage. If leakage is evi- 
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dent, a poor bushing-to-body fit is 
indicated. 

(e) Check tip and tip nut for fuel 
leakage. This could be caused by 
a loose nut, damaged seal ring, or 
damaged surface on injector nut 
or tip, 

if) Check filter cap and gasket for 
fuel leakage. This could be 
caused by a loose cap or damaged 
gasket. 

(g) If a small amount of fuel is leak- 
ing from the spray tip this is due 
to a damaged valve surface or dirt. 
Leakage at the tip will cause pre- 
ignition in the engine. 

(h) If any of the above leakages oc- 
cur, repair injector. 

(4) High pressure test. This teat is per- 
formed to discover any fuel leaks at 
the filter caps, body plugs, seal ring, 
and interna] lapped surfaces which 
did not appear in the valve holding 
test, 

(a) With the injector installed in the 
test fixture, thoroughly dry the en- 
jector with compressed air. Check 
all fuel connections for leaks and 
correct. 

ib) Adjust fixture to place injector 
control rack in the full fuel posi- 
tion (all the way in). Lock injec- 
tor in position with injector han- 
dle (fig. 12-25). Operate pump 
handle to build up and maintain 
pressure. 

(c) Adjust injector handle to depress 
follower far enough to close both 
ports in the injector bushing. This 
can be determined by the fact that 
the spray will decrease and a rise 
in pressure will occur. 

(d) Condition of the plunger and 
bushing will show in this test. If 
clearance between the two is exces- 
sive, pressure beyond noimal valve 
opening (450 to 850 psi) cannot 
be obtained. Injector must be re- 
paired if this occurs. 


(e) If pressure can be increased, op- 
erate pump handle to increase 
pressure to 1,600 to 2,000 psi and 
inspect all portions of injector for 
leaks. If leaks occur, repair the 
injector. 

Note. Do not increase pressure in test 
fixture to equal or exceed the capacity of 
the pressure gage. 

(5) Spray pattern test. The spray tip 
should spray the fuel evenly from 
each orifice and produce an even pat- 
tern. 

(а) With the injector installed in the 
test fixture and fuel supply valve 
open, pump the injector handle 
(fig. 12-26). 

(б) Observe the spray pattern. Fuel 
should be discharged from each 
orifice and the spray should pro- 
duce a uniform pattern. 

(c) If spray pattern is not uniform the 
orifices require cleaning. Disas- 
semble injector and clean the ori- 
fices. 

(6) Visual inspection of plunger. If the 
injector passes the above tests satis- 
factorily, the plunger should be in- 
spected. 

(а) Support the injector in a vise with 
soft jaws with follower up as illus- 
trated in figure 12-27. 

(б) Depress the follower spring (fig. 
12-27) with one hand. Place a 
screwdriver as shown and raise the 
spring above the stop pin. 

(c) Remove the stop pin from the in- 
jector. Allow the spring to raise 
gradually after removing pin. 

{d) Remove the injector from the vise 
and tip it upside down to remove 
the spring, follower, and plunger. 

(e) Inspect the plunger for scoring 
and scratch marks on polished sur- 
face. Check edges of helix for 
cracked and chipped condition. In- 
spect inner part of helix and 
plunger for erosion. 
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Figure 1 ^- 28 . Checking injector spray pattern. 


(/) Replace plung’er and bushing if 
plunger is chipped, scored, or 
eroded. The injector will require 
disassembly and repair of these 
conditions exist. 

(g) If plunger is found to be service- 
able, install plunger, follower, 
follower spring ,and stop pin. 

(7) Fuel output test. After testing in- 
jector as outlined above and inspect- 
ing plunger perfbrm a fuel O'Utput 
test. 

(a) Insitall injector in the test fixture 
as shown in figure 12-25, Fill fix- 
ture pump with clean fuel oil. 
Place a clean graduated container 


under the injector tip to contain 
the sprayed fuel. Container 
should be graduated in cubic cen- 
timeters. 

(b) Open valves and pump injector 
handle to purge air from system. 
Set control rack at full fuel posi- 
tion (all the way in). 

(c) Pump injector handle exactly 100 
strokes. Check graduated contain- 
er. The container should hold 
from a minimum of 3.8 cc to a 
maximum of 4.4 cc. 

(d) If quantity is not within limits 
specified, repair injector. 
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STEP!. PLACE INJECTOR IN A VISE WITH 
SOFT JAWS. 

STEP 2. DEPRESS FOLLOWER WITH HAND TO 
EXPOSE STOP PIN. 

STEP 3. RAISE SPRING WITH SCREWDRIVER TO 
FREE STOP PIN AND REMOVE STOP 
PIN. 

STEP 4. REMOVE SCREWDRIVER AND RELEASE 
SPRING GRADUALLY. 

STEP 5. REMOVE INJECTOR FROM VISE AND 
TURN OVER TO SLIDE FOLLOWER, 
SPRING, AND PLUNGER FROM 
INJECTOR BODY. 
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Figure 12-27. Follower stop pin, removal and 
installation. 


f. Disasscfiibly. 

(1) Remove the injector filter cap and 
filter in the numerical sequence as 
illustrated on figure 12-28. 

(2) Refer to figure 12-27 and remove 
stop pin, follower, follower spring, 
and plunger from injector. 

(3) Remove the injector tip and bushing 
parts in the numerical sequence as 
illustrated on figure 12-29. 

(4) It may be necessary to tap the spray 
till with a brass tool or a piece of 
wood to remove spray tip (4) from 
tip nut (1). 


(5) Remove the injector control rack 
(14) from the injector body. 

g. Cleaning. 

(1) Clean injector parts in clean fuel oil 
and dry thoroughly with compressed 
air. 

(2) Clean carbon from interior of spray 
tip with a steel drill I'otated by hand. 
Drill should be slightly smaller in 
diameter than bore of spray tip. 


1 

2 

3 

4 
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Filter cap (2 rqr) 

Cup gasket (2 rqr) 
Spring (2 rqr) 

Filter element (2 rqr) 
Injector body 


1 



2 
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Figure 12-28. Filter cap and element, exploded view. 
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1 Fuel pipe (2 rqr) 

2 Screw, cap, hex- head, 3/8-16 x 

2-1/4 in. 

3 Washer, 3/8 in, 

4 Injector clamp 

5 Stop pin 

6 Follower 

7 Plunger 

8 Follower spring 

9 Injector body 

10 Connector (2 rqr) 

11 Nut (2 rqr) 

12 Washer (2 rqr) 
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Figure 12-29. Follower, spring, and plunger, exploded view. 
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(3) Glean orifices in spray tip with steel 
wire 0.006 inch in diameter. Hold 
wire ri^'d in a tOKyl with wire extend- 
ing 1/8 to 3/16 inch from tool. Hone 
end of wire to taper wire and re- 
move burs. Push wire firmly 
through holes. Wash spray tip in 
clean fuel oil and blow dry with com- 
pressed air. 

(4) Clean and brush all passages in 
injector body with a soft wire brush. 

(5) Use a suitable reamer to ream spray 
tip bore in tip nut. Reamer diam- 
eter should be slightly smaller than 
bore so only the carbon is removed. 
Do not mar or bur sides of bore. 

(6) When cleaning injector plunger, do 
not touch finished surfaces with fin- 
gers. Wash plunger and bushing 
with fuel oil. Wrap soft tissue pa- 
per around a steel rod and clean in- 
terior of bushing. Wash in clean 
fuel oil and blow dry with com- 
pressed air. 

(7) After cleaning keep plunger and 
barrel together. Keep all injector 
parts for each injector assembly to- 
gether. Immerse all parts in clean 
fuel oil. 

h. Inspection and Repair. 

(1) Inspect teeth on gear and control 
rack for wear and damage. Cheek 
bore of gear for wear. Replace gear 
or rack if worn or damaged. 

(2) Inspect injector follower and stop pin 
for wear and damage. Replace parts 
if worn or damaged. 

(3) Inspect follower spring for weak or 
broken condition. The spring 
should have a free length of 2.039 
inches and 35 to 41 pounds should 
be required to compress the spring 
to a length of 1.027 inches. Replace 
spring if broken or if a load less 
than 30 pounds compresses the 
spring to 1.027 inches. 

(4) Inspect seal ring area on injector 
body for burs and scratches. Inspect 
bushing contact surfaces in body for 
scratches, scuff marks on other dam- 
age. Repair minor damage by lap- 


1 Tip nut 

2 Seal r ing 

3 Defb ctor 

4 Spray tip 

5 Check valve 

6 Valve seat 

7 Injector valve 

8 Valve spring 

9 Valve stop 

10 Valve cage 

11 Plunger bushing 

12 Gear retainer 

13 Gear 

14 Control rack 

15 Dowel pin 

16 Injector body 
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Figure 12-30. Tip nut and valve parts, exploded view. 

ping this surface. If dowel pin or 
body plugs are loose, install new 
plugs or dowel pin. Replace any 
body that is damaged beyond repair. 
Install proper number tag on a re- 
placement body. 
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(5) Inspect the injector plunger for scor- 
ing, erosion, chipping or wear. In- 
spect portion of plunger that con- 
tacts the gear for sharp edges. Re- 
move sharp edges with a fine stone. 
Clean plunger after stoning. 

(6) Inspect bushing for cracks and chip- 
ping. Immerse plunger and bushing 
in clean fuel oil and insert plunger 
in bushing. Plunger should move 
freely in bushing. If either plunger 
or bushing is damaged and must be 
replaced, both parts must be re- 
placed as a set. The two parts are 
maffced at manufacturer and must not 
be used with other parts. Do not at- 
tempt to rework a plunger. 

(7) Inspect spray tip seating surface in 
tip nut for nicks, burs, or damage. 
Lap the surface to remove nicks or 
burs. If damaged beyond repair, re- 
place the tip nut. 

(8) Inspect valve spring for weak or 
broken condition. A load of 4.75 to 
5.75 should be required to compress 
the spring to a length of 0.240 inch. 
Replace the spring when less than 
4.25 pounds will compress spring to 
0.240 inch. Replace a weak or brok- 
en spring. 

(9) Inspect sealing surfaces on the spray 
tip, valve, and valve cage. Examine 
the surfaces with a magnifying glass. 
Inspect for burs, nicks, erosion, 
cracks, chipping and wear. Check 
spray tip holes for enlargement. Re- 
place damaged or worn parts. 

(10) Lap all serviceable valve parts to as- 
sure good sealing surface. Use a 
good quality 600 grit lapping com- 
pound. Move parts on compound 
and block in a figure eight motion 
with only enough pressure to keep 
the part flat on the block at all 
times. Clean parts, (after lapping, 
in cleaning compound, solvent (Spec. 
P-S-661) and blow dry with com- 
pressed air. 

(11) Inspect edge of hole in valve seat 
(6, fig. 12-30) with a magnifying 
glass. If edge of hole shows irregu- 


larities, it must be repaired or re- 
placed. Use a small sharp fine stone 
mounted in an electric drill. Se- 
cure drill in a vise with stone facing 
up. Start drill motor and lightly 
touch stone to hole. Edge of hole 
must have a smooth chamfer and 
chamfer must be a perfect circle. Af- 
ter dressing edge of hole, lap face 
of the seat lightly. Clean valve and 
check width of chamfer at edge of 
hole. Chamfer should be 0.002 to 
0.005 inch in width. Replace valve 
seats that cannot be repaired or seats 
having wider chamfers than the size 
specified. 
i. Reassembly. 

(1) Install two filters (4, fig. 12-28) in 
body with dimple end down. Install 
two springs (3) and gaskets (2). 
Lubricate threads of caps (1) with 
engine oil (OES) and install caps on 
body. Tighten caps to a torque of 65 
to 76 foot pounds Place protective 
plastic caps on valve cap to prevent 
entrance of foreign matter. 

(2) Refer to figure 12-30 and note drill 
marks on rack and gear. Hold body 
(16, fig. 12-30), bottom up, and 
slide control rack (14) through the 
hole in body. Move rack in body to 
be able to see drill marks. 

(3) Install gear (13) in the injector 
body with marked tooth on gear en- 
gaged between the two marked teeth 
on the control rack as illustrated on 
figure 12-30. 

(4) Install gear retainer (12) on top of 
gear. Install bushing (11, fig. 12- 
30) in injector body with locating 
pin in slot in body. 

(5) Install injector body tip side up, in 
a vise with soft jaws. Install a new 
seal ring (2, fig. 12-30) on shoulder 
of body. Install deflector in body 
around the bushing. 

(6) Install valve seat (6, fig. 12-30) on 
lapped face of bushing. Install 
spring (8) on stem of injector valve 

(7) and install valve stop (9) on 
other end of spring. 
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(7) Install spring and parts in bore of 
valve cage' (10) so that stop seats in 
cage. Install cage in body on valve 
seat. 

(8) Install check valve (5) in center of 
hole in cage and place spray tip (4) 
over check valve and against cage. 

(9) Lubricate the threads of tip nut (1) 
with engine oil (OES) and screw nut 
on valve body by hand. Spray tip 
and parts must seat correctly in coun- 
terbore of nut. Do not force nut 
over parts. Rotate end of spray tip, 
if necessary, to aid in installing nut. 

(10) Reverse position of injector in vise. 
Push control rack (14, fig. 12-30) 
all the way in. 

(11) Engage head of plunger (7, fig. 12- 
29) with slot in follower (6) and 
slide spring (8) on follower. Install 
free end of plunger in injector body. 
Install stop pin (B) in slot in body 
so follower spring rests on narrow 
flange of pin. 

(12) Aline slot in follower with stop pin 
hole and flat side of plunger with 
flat in gear. Press down on the fol- 
lower and push stop pin in to en- 
gage slot in follower. Spring will 
hold stop pin in position. 

(13) Reverse position of injector in vise 
and tighten tip nut to a torque of 55 
to 65 foot pounds. Do not exceed 
this torque. Excessive torque could 
result in improper sealing of lapped 
surfaces. 

(14) Check concentricity of tip with a dial 
indicator. Tip must be concentric to 
tip nut w'ith 0.008 inch total indica- 
tor reading. If runout exceeds this, 
loosen tip nut, center spray tip and 
re-torque tip nut. Check concentric- 
ity. If tip cannot be adjusted, check 
assembly of injector. 

Testing. After Reassembly. Perform all 
the tests as described in e above (except in- 
spection of plunger). If injector passes the 
tests it is satisfactory for use. Failure in any 
test requires disassembly, cleaning, inspection 
and repair, and reassembly of the injector. 


k. Installation. 

Note. Prior to installation, check injector tube in 
cylinder head. Ream out carbon if necessary, 

(1) If connectors (10, fig. 12-29), nuts 
(11), and washers (12) were re- 
moved from the cylinder head, in- 
stall parts in head. 

(2) Refer to figure 12-24 and install in- 
jector in cylinder head, with dowel 
pin in locating hole in cylinder 
head. Move injector lever (fig. 12- 
24) to register with injector control 
rack. 

(3) Install injector clamp (fig. 12-24) 
and secure with screw and washer. 
Tighten screw to a torque of 20 to 
25 foot pounds. Check placement 
of clamp so clamp does not interfere 
with valve or injector springs. 

Note. Ch&ck injector control rack for free 
movement, Excessive torque could cause 
control rack to stick or bind. 

(4) Move rocker arms (fig. 12-24) in 
position and tighten bracket bolts to 
a torque of 90 to 100 foot pounds. 

(5) Remove protective caps (fig. 12-24) 
and connect inlet and outlet pipes 
(fig. 12-24) to fuel connectors and 
injector caps. Tighten connectors on 
pipes (except outlet pipe at injector) 
to a torque of 12 to 16 foot pounds. 

(6) Set injector control rack in the no 
fuel position (all the way out). 
Crank engine briefly to bleed any 
air from injector. Tighten outlet 
pipe to injector with a torque of 12 
to 15 foot pounds. 

Caution: Do not exceed torque 
specification. Excessive torque could 
twist or crack flared end of fuel pipe 
and result in leaks. Lubricating oil 
diluted by leaking fuel oil can cause 
serious damage to engine bearings. 

(7) After installation of injectors, per- 
form a complete engine tune up as 
outlined in paragraphs 12-49 and 
12-50. If only one injector is re- 
placed and other injectors and gover- 
nor has not been disturbed, the only 
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adjustments necessary are for valve 
clearance, timing the injector for one 
cylinder, and positioning of the in- 
jector levers. Refer to paragraphs 12 
-48, 12-49, and 12-50 for these ad- 
justments. 

(8) Refer to figure 12-23 and reassemble 
and install the valve rocker cover as 
follows: 

(a) Install two studs (6) in cylyinder 
head if they had been removed. 

(b) Install two bolts (3) and washers 

(2) in cover and secure with two 
pins (1). 

(c) Install gasket (6) and valve rocker 
cover (4) on cylinder head and se- 
cure by tightening two bolts (3). 

(9) Refer to TM 6-3805-237-12 and in- 
stall the engine hood. 

12-18. Throttle Linkage 

a. General 

(1) The throttle linkage on the motor 
grader is connected to the accelera- 
tor and decelerator (fig. 12-31), and 
is also controlled by the governor 
control lever (hand throttle). The 
linkage from the controls is mounted 
on the right side of the engine and 
crosses over the front of the engine 
to connect to the governor. 

(2) The engine shutdown linkage is con- 
nected by a long rod to the ball. The 
rod is attached to a lever (fig. 12- 
32) which pivots on a bracket at the 
rear engine lifting eye. A ball joint 
and governor rod connect the lever 
to the governor stop lever. 

h. Removal 

(1) Remove and disassemble the gover- 
nor control lever in the numerical se- 
quence as illustrated on figure 12- 
33. 

(2) Remove accelerator and decelerator 
pedals, accelerator and decelerator 
assembly, and linkage in the numeri- 
cal sequence as illustrated on figure 

12-34. 

(3) Remove the engine throttle linkage 
in the numerical sequence as illus- 
trated on figure 12-35. 


(4) Remove the engine shutdown link- 
age in the numerical sequence as il- 
lustrated on figure 12-36, 

c. Disassembly. Disassemble the accelera- 
tor-decelerator assembly in the numerical se- 
quence as illustrated on figure 12-37. 

d. Cleaning. Clean all parts in cleaning 
compound, solvent (Spec. P-S-661) and dry 
thoroughly with compressed air. 

Warning: The solvent is highly inflam- 
mable. Do not use the solvent near an open 
flame. 

e. Inspection and Repair. 

(1) Inspect all parts for wear and dam- 
age. 

(2) Inspect all rods and levers for cracks 
and bent condition. Straighten bent 
rods if possible. Replace all cracked 
or badly bent rods and levers. 

(3) Inspect friction disks in governor 
control lever for wear and damage. 
Replace worn or damaged disks. 

(4) Check springs for weak or broken 
condition. Replace all weak or brok- 
en springs. 

(5) Replace all worn or damaged parts. 

/. Reassembly. Reassemble the accelerator- 

deceleraitor assembly in reverse of the numeri- 
cal sequence as illustrated on figure 12-37. 

g. Installation. 

(1) Install the engine shutdown linkage 
in reverse of the numerical sequence 
as illustrated on figure 12-36. 

(2) Install the engine throttle linkage in 
reverse of the numerical sequence as 
illustrated on figure 12-35. 

(3) Install the pedals and throttle link- 
age in reverse of the numerical se- 
quence as illustrated on figure 12- 
34. 

(4) Assemble and install the governor 
control lever in reverse of the nu- 
merical sequence as illustrated on fig- 
ure 12-33. 

h. Adjustment. Adjust the various parts 
of the throttle linkage as described below. 

(1) Governor control lever and accelera- 
tor-decelerator. 

(a) Locate governor control lever (fig. 

12-31) and throttle control shaft 
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Figure 12-32. Engine shutdown linkage, schematic view. 


(fig. 12-32) approximately half- 
way between their stops for high 
and low speeds. 

(£>) Adjust all rods and clevises so 
that all vertical rods be as near 
vertical as possible and all hori- 
zontal rods as near horizontal as 
possible. Tighten all parts se- 
curely. 

(a) Move throttle control shaft (fig. 
12-3’2) against its stop for full 
engine speed. Adjust front pull 
rod (fig. 12-31) until accelerator- 
decelerator rod is pulled out of 
the housing 3/16 to 1/4 inch. 


Tighten parts. Push governor 
control lever (fig. 12-31) against 
low speed stop, accelerator decel- 
erator rod should be pushed into 
its housing 3/16 to 1/4 inch. 

(d) Adjust length of pedal rod (fig. 
12-31) to assure that accelerator 
and decelerator pedals do not 
strike floor plate. 

(e) Attach a spring scale to governor 
control lever as close to ball as 
possible. Pull on scale and move 
lever through full range of travel. 
Pull on scale should be 8 to 25 
pounds through entire range. 
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1 Pin, cotter, 3/32 X t in. 

2 Clevis pin 

3 Nut 

4 Yoke 

5 Screw, cap, hex-liead, 1/2-13 X 1 1/2 in, 

6 Nut, 1/2-13 (S) 

7 Washer, lock, 1/2 in. (3) 

8 Washer, cut, 1/2 in. (2) 

9 Setscrew, 1/4-20 X 1 1/2 in. 

10 Nut, jam, 1/4-20 

1 1 Roll pin 

12 Screw, cap, hex-head, 3/8-16 X 7/8 in. 


IS Washer, lock, 3/8 in. (2) 

14 Friction disk 

15 Nut, 3/8-16 

16 Screw, cap, hex-head, 3/8-16 X 2 8/4 in. 

17 Washer 

18 Ball 

19 Throttle base 

20 Friction disk 

21 Spring 

22 Throttle cap 

23 Stud 

24 Throttle support 


Figure 12-SS, Governor control lever, exploded view. 


(/) Start engine (TM 5-3805-287- 
12) and allow engine to reach op- 
erating temperature. Run engine 
at idle speed. Loosen nut (17, fig. 
12-38) and adjust length of set- 


screw (18) so that governor con- 
trol lever rests against head of set- 
screw when engine is at idle speed. 
Tighten nut. 
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1 

Vertical rod 

16 

Pin 

31 

Carriage bolt (2) 

2 

Nut 

17 

Accelerator - decelerator assembly 

32 

Nut (2) 

3 

Ball joint 

18 

Pin, cotter, 3/32 X 3/4 in. 

38 

Washer, lock, (2) 

4 

Pin, cotter, 3/32 X 1 in. 

19 

Washer, cut, 1/4 in. 

34 

Plate (2) 

5 

■Clevis pin 

20 

Pin, cotter, 3/32 X 3/4 in. 

35 

Weather strip 

6 

Pin 

21 

Clevis pin 

36 

Plate 

7 

Lever 

22 

Nut 

37 

Weather strip 

8 

Lever 

28 

Yoke 

38 

Pin 

9 

Carriage bolt, 3/8-16 X 1/2 in. (2) 

24 

Eod 

39 

Pedal bracket 

10 

Nut, 3/8-16 (2) 

25 

Pin 

40 

Shaft 

11 

Washer, lock, 3/8 in. (2) 

26 

Lever 

41 

Lubrication fitting (2) 

12 

Lubrication fitting 

27 

Locknut 

42 

Pin 

13 

Lever support 

28 

Accelerator pedal 

43 

Lever 

14 

Pin, cotter, 3/32 X 3/4 in. (2) 

29 

Locknut 

44 

Lubrication fitting 

16 

Washer, cut, 1/4 in. (2) 

30 

Decelerator pedal 

46 

Lever 


Figure 12~3A- Pedals and throttle linkage, exploded view. 
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1 Nut 

2 Ball joint 

8 Rod, w/yoke 
4 Pin, cotter, 3/32 X 8/4 in. 

6 Washer, cut, 1/4 in. 

6 Pin (2) 

7 Lever (2) 

8 Lubrication fitting (2) 

9 Shaft 

10 Screw, cap, hex-head, 6/16-18 X 1 in .(2) 

11 Washer, lock, 5/16 in. (2) 

12 Bearing 

13 Nut 

14 Ball joint 

15 Rod 

16 Nut 

17 Ball joint 

18 Pin, cotter, 3/32 X 1 in. 

19 Washer, cut, 1/2 in. (2) 

20 Lever 

21 Pivot 

22 Nut 

23 Ball joint 

24 Rod 

26 Screw, cap, hex-head, 1/4-20 X 3/4 in. (2) 


26 Washer, lock, 1/4 in. (2) 

27 Lever (2) 

28 Key, woodruff (2) 

29 Setscrew, 1/4-20 X 1/4 in. (2) 

30 Collar (2) 

31 Bearing (2) 

32 Nut (2) 

33 Ball joint 

34 Nut, 5/16-24 

36 Washer, lock, 6/16 in. 

36 Screw, cap, hex-head, 5/16-24 X 1 3/4 in. 

37 Throttle control shaft 

38 Nut, 1/4-20 (2) 

39 Eyebolt 

40 Booster spring 

41 Screw, cap, hex-head 

42 Nut 

43 Screw, cap, hex-head, 1/4-20 X 1 in. 

44 Washer, lock, 1/4 in. 

45 Governor speed control lever 

46 Screw, cap, hex-head, 3/8-16 X 5/8 in. (2) 

47 Washer, lock, 3/8 in. (2) 

48 Booster spring bracket 

49 Shaft 


Figure 12-S5 — Continued. 


(2) Governor booster spring. 

(a) With idle speed adjusted and 
spring" screw (41, fig". 12-35) cen- 
tered in slot in governor speed 
control lever (45), adjust booster 
spring. Loosen two eyebolt nuts 
(381. 

(h) Start the engine (TM 5-3805-237- 
12) and move governor speed con- 
trol lever (45, fig. 12-35) to the 
maximum speed ‘position and re- 
lease. Lever should return to idle 
speed position. If lever does not 
return, reduce spring tension by 
loosening eyebolt nuts (38). If 
lever does return to idle position, 
increase spring tension by tight- 
ening nuts until a point is 
reached where lever does not re- 
turn to idle. Then reduce tension 
until lever does return to idle. 
Tighten locknut (38). 

12—19. Governor 

a. General. 

(1) Description. 


(a) The variable speed mechanical 
governor used on the engine con- 
trols the engine idle speed, limits 
the maximum no-load speed, and 
holds the engine at any constant 
speed, between idle and maximum, 
as required by the operator. The 
operator controls governor opera- 
tion with the accelerator or the 
governor control lever (hand 
throttle). The governor control 
lever can be left in position to 
maintain engine speed and the 
decelerator depressed to slow the 
engine speed when shifting gears 
or operating grader motions. Re- 
leasing the decelerator will return 
engine speed to that set by the 
goveimor control lever. 

{b) The principal parts of the gover- 
nor are the control housing cover, 
variable speed spring housing and 
shaft, control housing, and weight 
and housing. 

(c) A fuel rod (7, fig. 12-38) from 
the governor control housing is 
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1 Ball 

2 Retaining ring 

3 Insulating bushing 

4 Pin, cotter, 3/32 x 3/4 in. 

5 Washer, cut, 3/8 in. 

6 Shutoff rod 

7 Shoulder bolt 

8 Nut, 3/8-16 

9 Washer, lock, 3/8 in, 

10 Screw, cap, hex- head, 3/8-16 x 3/4 in. (2 rqr) 

11 Washer, lock, 3/8 in. 


12 Nut 

13 Ball joint 

14 Pin, cotter, 3/32 x 3/4 in. 

15 Washer, cut, 3/8 in. 

16 Governor rod 


MEC 3805-237-35/12-36 


Figure 12-S6. Engine shutdown linkage, exploded view. 


linked to the injector tubes. Move- 
ment of the rod moves the injector 
control tubes and control levers. 
The levers move the injector con- 
trol racks and position the injec- 


tor plungers for the amount of 
fuel to be delivered. 

(2) Operation. 

(a) Control of governor operation 
through the linkage actuates the 


TM 5-3805-237-35 



11 Rear spring 

12 Housing 


MEC 3805-237-35/12-37 

Figure 12~S7. Accelerator-decelerator assembly, exploded view. 


governor speed control lever (10, 
fig. 12-38) and governor stop con- 
trol lever. When the engine shut- 
down linkage is pushed in the gov- 
ernor stop lever, mounted on top 
of the control housing, moves the 
injector control racks to the full 
fuel position. When the engine 
starts the governor moves the con- 
trol racks to the idle position. En- 
gine speed is then controlled 
through movement, of the gov- 
ernor speed control lever (10, fig. 
12-38). 

(6) The centrifugal force of the re- 
volving governor weights is con- 
verted into linear motion and is 


transmitted by the governor riser 
(28) and operating shaft (3) to 
the operating shaft lever (6). The 
operating shaft lever contacts the 
variable speed plunger (23) while 
the other end of the lever pro- 
vides a changing fulcrum on 
which the differential lever (24) 
pivots. 

(c) The force of the govenior weights 
is opposed by the variable speed 
spring (22). Load changes on the 
engine or a movement of the throt- 
tle linkage and a subsequent 
movement of the governor speed 
control lever (10) unbalance the 
force between the weights and the 
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MEC 3805-237-35/12-38 


1 Weight housing cap 

2 Operating shaft fork 

3 Operating shaft 

4 Control housing 

5 Operating shaft bearing 

6 Operating shaft lever 

7 Fuel rod 

8 Governor cover 

9 Governor stop lever 

10 Governor speed control lever 


11 Buffer screw 

12 I^ocknut 

13 Plunger spring guide 

14 Spring retainer stop 

15 Spring retainer stop 

16 Variable speed spring housing 

17 Locknut 

18 Idle speed adjusting screw 

19 Spring lever 

20 Shim 


21 Spring retainer 

22 Variable speed spring 

23 Spring plunger 

24 Differential lever 

25 Weight carrier 

26 Weight and carrier assembly 

27 Weight shaft assembly 

28 Governor riser 

29 Weight housing cover 

30 Weight housing 


Figure 12-38, Variable speed mechanical governor, cutaway view. 


spring. When the two forces are 
equal the engine speed stabilizes 
for the setting of the speed con- 
trol lever, 

(d) A fuel rod (7) connected to the 
injector control tube levers and 
control link operating lever assem- 
bly is operated by the differential 


lever through the operating lever 
connecting link. Moving the fuel 
rod, through action of the gover- 
nor in this manner, changes the 
fuel settings of the injector con- 
trol racks, 

(e) Engine idle speed is determined 
by the centrifugal force required 
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to balance out the variable speed 
spring in the low speed range. 
This speed is adjusted by chang- 
ing the tension on the spring with 
the idle speed adjusting screw 
(18). 

(/) Maximum no load speed is ad- 
justed by changing the tension of 
the variable speed spring through 
the installation or removal of 
spring retainer stops (14 and 15) 
and shims (20). 

(g) Lubrication for the governor is 
supplied by surplus oil returning 
from the cylinder head for parts in 
the governor control housing, 
riser thrust bearings, ' and the 
weight shaft end bearing. Oil, 
picked up by a slinger from a res- 
ervoir in the blower housing, pro- 
vides lubrication for the governor 
weights and weight carrier. Pres- 
sure lubrication is also supplied 
through an oil line from the cyl- 
inder block to the governor 
weight housing cover. 
h. Governor Operational Check. Speed 
variations in engine operation may indicate 
erratic governor operation. Many other fac- 
tors could contribute to the variations in 
speed and should be checked before identify- 
ing the governor as the cause. 

(1) Excessive load fluctuations could 
cause speed changes. 

(2) All cylinders may not be firing 
properly. Refer to paragraph 12-46 
to check cylinders. 

(3) Check for binding in the following: 

(а) Linkage between governor and in- 
jector control tube. With the fuel 
rod connected to the control tube 
the mechanism should be free 
throughout the entire travel of the 
injector racks. 

(б) Check injector racks for binding. 
Injector rack binding or sticking 
may be due to an injector clamp 
being too tight. Loosen and re- 
torque clamp. 

(c) Check for binding between con- 
trol tube levers and injector racks. 


This could be the result of im- 
properly positioned control rack. 
Refer to paragraph 12-20 to prop- 
erly position control racks. 

(d) Check for binding of control tube 
in support brackets. Loosen and 
reset control tube in brackets (para 
12 - 20 ). 

(e) Check for a bent control tube 
spring. Install a new spring (para 
12 - 20 ). 

(/) If after the above checks the gov- 
eimoT does not operate the engine 
properly, remove and repair the 
governor. 

c. Removal. 

(1) Refer to TM 5-3805-237-12 and re- 
move engine hood. Refer to para- 
graph 12-17 and remove rocker cov- 
er. 

(2) Refer to paragraph 12-18 and dis- 
connect the throttle control shaft 
(37, fig. 12-35) and booster spring 
(40, fig. 12-35) from the governor 
speed control lever. Disconnect gov- 
ernor rod (16, fig. 12-36) from gov- 
ernor stop lever. Remove return 
spring from stop lever. 

(3) Remove screw and lockwasher and 
remove camp from breather tube 
(fig. 12-39},. Remove two screws 
and lockwashers and remove 
breather tube and gasket from gov- 
ernor control housing. 

(4) Disconnect oil line (fig. 12-39) from 
governor weight housing cover and 
cylinder block. Remove elbows from 
cover and block. 

(5) Refer to figure 12-40 and disconnect 
fuel rod from injector control tube 
and remove governor from engine. 

d. Disassembly. 

(1) Disassemble the governor cover in 
the numerical sequence as illustrated 
on figure 12-41. Press needle bear- 
ings (11) from cover using a suit- 
able tool and an arbor press. Discard 
packing and gasket. 
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F-ig^tre 12~3D. Governor breather tube and oil line, 
removal and installation. 

(2) Disassemble the variable speed 
spring housing in the numerical se- 
quence as illustrated on figure 12- 
42. 

(fi.) Place the governor control hous- 
ing in the jaws of a soft vise. 

(&) Remove two screws (1) and lock- 
washers (2) and remove the vari- 
able speed spring housing and 
gasket (3) from the control hous- 
ing. 

(c) Remove plunger (4), from plunger 
guide (5), Remove spring (6), 
stops (7 and 8), shims (9) and 
retainer (10) from spring housing. 

(d) Remove plug (11) and, working 
through plug hole, remove set- 
screw (12) from spring lever 
(20). Remove idle speed adjust- 
ing screw (14) and nut (15). 

(e) Support the spring housing on a 
press with the shaft up. Using a 
brass rod press plug (16), bear- 
ing (17), and shaft (18) from 
housing. 


(/) Remove spring lever (20) from 
housing (24). Remove key (19). 
If bearing (23) requires replace- 
ment, press bearing, seal ring 
(221, washer (21) from the 
housing. 

(3) Disassemble governor control hous- 
ing in the numerical sequence as il- 
lustrated on figure 12-43. 

•(a) Remove cotter pin (8) and washer 

(9) and remove differential lever 

(10) from operating lever (19). 

(b) Remove expanding plug (14). 
Loosen setscrew (15). Use a brass 
rod and press operating shaft (24) 
from operating fork (16)., insert- 
ing rod through expansion plug 
hole. 

(c) Remove operating shaft, with op- 
erating lever attached, from hous- 
ing. Use a brass rod and press op- 
erating shaft from operating lever 
(19) and bearing (20). 

(4) Disassemble governor weight hous- 
ing in the numerical sequence as il- 
lustrated on figure 12-44. 

(a) Secure weight housing in a vise 
with soft jaws. Remove cap (8) 
and gasket (9). 

(b) Straighten tab on lockwasher (11) 
and remove screw (10). Install a 
5/16-24 X 3 inch long bolt in end 
of weight shaft (21) and press 
shaft from bearing (14). 

(c) Slide riser thrust bearing (12) and 
riser (13) from weight shaft. 

(rf) Remove retaining rings (15), flat 
washers (17), pins (16), arid 
weights (19) from carrier (20). If 
bearings (18) require replacement, 
press bearings from weights. 

(e) Press bearing (14) from housing 
(22) and carrier (20) from oper- 
ating shaft. 

e. Cleaning. Clean all parts in clean fuel oil 
and dry with compressed air. 

f. Insq)ecMon and Repair. 

(IX Discard all packings and gaskets. 
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STEP 1. REMOVE TWO COTTER PINS AND REMOVE PIN CONNECTING FUEL ROD' 
TO INJECTOR CONTROL TU&E LINK. 

STEP 2. REMOVE FOUR SCREWS AND LOCK WASHERS AND REMOVE WEIGHT 
HOUSING COVER AND GASKET. 

STEP 3. REMOVE FOUR SCREWS AND LOCK WASHERS AND REMOVE CONTROL 
HOUSING COVER AND GASKET. 

STEP 4. REMOVE COTTER PIN (3, FIG. 12-43) AND WASHER (4, FIG. 12-43) 

AND REMOVE FUEL ROD FROM CONTROL HOUSING. 

STEP 5. REMOVE TWO SCREWS AND LOCK WASHERS SECURING CONTROL 
HOUSING TO CYLINDER HEAD, 

STEP 6. MOVE UPPER END OF CONTROL HOUSING AWAY FROM CYLINDER 
HEAD AND FREE LOWER END FROM GOVERNOR WEIGHT HOUSING 
TO CLEAR FORK AND REMOVE GOVERNOR CONTROL HOUSING. 

REMOVE GASKET FROM CYLINDER HEAD. 

STEP 7, REMOVE SIX SCREWS AND LOCK WASHERS AND REMOVE GOVERNOR 

WEIGHT HOUSING FROM BLOWER. MeC 3805-237-35/12-40 


Figure 12-^0. Governor, removal and installation. 
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1 Screw, machine, 1/4-20 x 
7/8 in, (4 rqr) 

2 Washer, lock, 1/4 in. (4 rqr) 

3 Gasket 

4 Screw, cap, hex-head, 

1/4-20 X 1 in. 

5 Washer, lock, 1/4 in, 

6 Governor stop lever 

7 Retaining ring 

8 Packing retainer (2 rqr) 

9 Control shaft 

10 Preformed packing 

11 Needle bearing (2 rqr) 

12 Cover 



MEC 3805-237-35/12-41 


Figure Governor cover, exploded view. 


12-60 


TM 5-3805-237-35 



1 

Screw, cap, hex- head, 5/16-18 x 3-1/2 in. (2 rqr) 

13 

Key, woodruff 

2 

Washer, lock, 5/16 In. (2 rqr) 

14 

Idle speed adjusting screw 

3 

Gasket 

15 

Nut, 1/4-20 

Expansion plug 

4 

Plunger guide 

16 

5 

Spring plunger 

17 

Bearing 

6 

Variable speed spring 

18 

Shaft 

7 

Retainer stop 

19 

Key, woodruff 

8 

Retainer stop 

20 

Spring lever 

9 

Shim (as rqr) 

21 

Washer 

10 

Retainer 

22 

Seal ring 

11 

Plug 

23 

Bearing 

12 

Setscrew, 5/16-24 x 1/4 In. 

24 

Housing 
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Figure Variable speed spring housing, exploded view. 


(2) Inspect ball bearing’s by revolving 
by hand. Bearings must operate 
smoothly. Replace all bearings 
showing wear or rough spots. 

(3) Inspect riser thrust bearing for wear, 
flat spots, and corrosion. Replace 
bearing if any of these conditions 
exist. 

(4) Insl)ect all shafts, bushings, and 
bearings for wear, rough spots, and 
damage. Replace all worn or dam- 
aged parts. 

(5) Inspect weight pins and bearings for 
wear and flat spots. Replace all 
worn or damaged pins and bear- 
ings. 


(6) Inspect finished surfaces of gover- 
nor weights for flat spots and dam- 
age. Replace weights if damaged. 

(7) Check all parts against tolerances 
listed in Table 1-1. Replace all parts 
not confoiming to repair and rebuild 
standards. 

g. Reassembly. 

(1) Reassemble the governor weight in 
reverse of the numerical sequence as 
illustrated on figure 12-44. 

(a) Press carrier (20) on operating 
shaft (21). 

(b) Install one retaining ring (15) in 
groove of pin (16). Install flat 
washer (17) over pin and install 
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1 

Pin, cotter, 1/16 X 1/2 in. (2) 

16 

Fork 

2 

Pin 

17 

Nut, 1/4-28 

S 

Hairpin cotter pin 

18 

Buffer screw 

4 

Washer 

19 

Operating lever 

6 

Fuel rod 

20 

Bearing 

6 

Screw, cap, hex-head, 1/4-20 X 3/4 in. (2) 

21 

Washer 

7 

Washer, lock, 1/4 in. (2) 

22 

Adjusting screw 

8 

Hairpin cotter pin 

23 

Nut, 1/4-28 

9 

Washer 

24 

Operating shaft 

10 

Differential lever 

26 

Plug 

11 

Screw, machine. No. 10-24 X 7/16 

26 

Washer 

12 

Washer, lock, No. 10 

27 

Bushing 

13 

Washer, flat 

28 

Housing 

14 

Expansion plug 

29 

Gasket 

15 

Setscrew, 1/4-20 X 1/2 in. 




Figure 12-/fS — Continued. 


pin in weight carrier (20). Install 
two flat washers and governor 
weight (19) between arms of car- 
rier and slide pin through carrier, 
washers, and weight. Install flat 
washer and retaining ring on other 
end of pin. 

(c) Slide riser (13) on shaft and 
against finished surfaces of gover- 
nor weights. Assemble thrust 
bearing (12) and install on weight 
shaft with smaller inside diam- 
eter of bearing against riser. 

{d) Install the shaft, with attached 
parts in weight housing. Support 
the spl'ined end of the shaft on 
the bed of an arbor press. Install 
bearing (14) on shaft and press 
bearing, using a suitable tool, on 
shaft. 

Note. The bearing must be installed 
with the numbered side of the bearing 
facing away from the shaft. The bearing 
has thrust capacity in one direction only. 

(e) Coat threads of cap (8i) with a 
thread sealant before installing. 

(2) Reassemble the governor control 
housing in reverse of the numerical 
sequence as illustrated on figure 12- 
43. 

(а) Install washer (21) on operating 
shaft (24) and press shaft into 
bore of bearing (20). 

(б) Press operating lever (19) on 
shaft with pivot pin up. 


(c) Press bushing (27) in housing. 
Lubricate bushing and bearing (20) 
with engine oil (OES). Install 
shaft, with attached parts in hous- 
ing. Position the fork (16t) in 
lower end of housing so the fin- 
ished side of fork will contact 
thrust bearing (12, fig. 12-44). 

(d) Support housing and shaft in an 
arbor press with upper end of 
shaft on a steel block. Aline flat 
in fork with flat on shaft and, 
using a sleeve, press fork on op- 
erating shaft until fork is tight 
against shoulder. Install setscrew 
(15) and tighten. 

(e) Install differential lever (10) on 
pivot pin of operating lever and 
secure with washer (9) and cotter 
pin (8). Install screw (11), lock- 
washer (12), and flat washer (13) 
in housing to secure bearing. 

if) Install variable spring plunger 
guide (4, fig. 12-42) in housing, 
(31 Reassemble the variable speed spring 
housing in reverse of the numerical 
sequence as illustrated on figure 12- 
42. 

(a) Irustall key (19) in center keyway 
of shaft. Install setscrew (12) in 
lever (20). Place lever in housing, 
with keyway lined up with key in 
shaft. Install shaft through hous- 
ing and lever. Center the lever 
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1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 



Gasket 

Screw, cap, hex-head, 1/4-20 X 2 3/8 in. 
Washer, Icwk, 1/4 in. (4) 

Cover 

Gasket 

Screw, cap, hex-head (0) 

Washer, sealing (6) 

Cap 

Gasket 

Retaining screw 
Washer, tab 
Thrust bearing 
Riser 


14 Ball bearing 

(4) 15 Retaining ring (4) 

16 Pin (2) 

17 Washer, flat (8) 

18 Needle bearing (4) 

19 Weight (2) 

20 Weight carrier 

21 Weight shaft 

22 Weight housing 

23 Oil line 

24 Elbow (2) 

25 Gasket 


Figure Governor weight housing, exploded view. 


between bearing- bosses and tight- 
en setscrew. 

(&) Place bearings (17 and 23) over 
shaft and, using a sleeve and an 
arbor press, press bearings into 
housing around shaft. Use sealant 
on plug (16) and tap plug into 
housing. 

(c) Install seal ring (22) and washer 
(21) in housing around shaft. 

(d) Install idle speed adjusting screw 
(14) and nut (15) in housing. 


(el Install small end of plunger (5) 
in plunger guide (4) in control 
housing. Install solid stop (7) m 
control housing. 

(/) Install spring retainer (10) in 
spring housing against lever (20). 
Place same number of shims (9) 
in retainer as were removed. In- 
stall split stop (8) in spring hous- 
ing against retainer. 

(g) Install spring (6) in retainer, with 
tightly wound end of spring 
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against shims. Install gasket (3) 
and screws (1) and lockwashers 

(2) through housing. Install 
spring housing on governor con- 
trol housing. Spring plunger (5) 
must be engaged by spring. Tight- 
en screws (1) securely. 

(4) Reassemble the governor cover in 
reverse of the numerical sequence as 
illustrated on figure 12-41. 

(a) Press bearings (11) into cover. 
Lubricate bearings with engine oil 
(OES) and install control shaft 
(9) through bearings. 

(b) Install packing (10) and retainers 
(8) over packing. Install retain- 
ing ring (7) in groove in shaft. In- 
stall stop lever (6) on shaft and 
secure with screw (4) and lock- 
washer (6). 

h. Installation. 

(1) Refer to figure 12-40 and install 
governor on the engine. 

(2) Refer to figure 12-39 and install gov- 
ernor breather tube and oil line on 
governor. 

(3) Install return spring on stop lever. 
Refer to paragraph 12-18 and con- 
nect throttle control shaft (37, fig. 
12-36) and booster spring (40, fig. 
12-35) to governor speed control 
lever. 

(4) Refer to paragraph 12-17 and install 
rocker cover. Refer to TM 6-3805- 
237-12 and install engine hood. 

i. Governor Adjustment. Refer to para- 
graphs 12-51 through 12-55 and adjust gover- 
nor and tune engine. 

12—20. Fuel Injector Control Tube 

a. General. 

(1) The fuel rod extending from the 
governor is attached to the control 
tube lever. This lever is pinned to 
the injector control tube. Any move- 
ment of the fuel rod is reflected in a 
rotation of the fuefl tube. 

(2) Each inj'ector control rack is in coixtacit 
with a lever mounted on the control 
tube. As the tube rotates the levers 


move the injector racks to position 
the injector plungers to time and me- 
ter the fuel to be injected into the 
cylinders. A return spring, con- 
nected to a control lever and to a 
bracket returns the control tube to 
the no fuel position. 

h. Removal. 

(1) Refer to TM 5-3806-237-12 and 
remove the engine hood. 

(2) Refer to paragraph 12-17 and remove 
the valve rocker cover. 

(3) Refer to paragraph 12—19 and dis- 
connect the fuel control rod from the 
control tube lever. 

(4) Refer to figure 12-45 and remove 
the injector control tube from the 
engine as follows: 

(a) Remove four screws (1) and lock- 
washers (2) to free brackets (3) 
from cylinder head. 

(b) Remove the injector control tube 
brackets and control tube from the 
engine as an assembly. 

c. Disassembly. Disassemble the injector 
control tube in the numerical sequence as il- 
lustrated on figure 12-46. Load limit adjust- 
ment plate is secured with rocker arm bracket 
bolts (fig. 12-24). 

d. Cleaning. Clean all parts in fuel oil and 
dry thoroughly with compressed air. 

e. Inspection and Repair. 

(1) Inspect brackets and integral bear- 
ings in brackets for wear and dam- 
age. Replace worn or damaged 
brackets. 

(2) Inspect spring for weak or broken 
condition. Replace weak or broken 
spring. 

(3) Inspect link for wear and damage. 
Replace link if worn or damaged, 

(4) Inspect control lever and torque 
limit control arm for wear and dam- 
age, Replace worn or damaged 
parts. 

(5i Inspect control tube for wear and 
damage, especially in the lever con- 
tact and bearing contact areas. Re- 
place a worn or damaged control 
tube. 
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1 Screw, cap, hex- head, 1/4-20 x 5/8 In. 

(4 rqr) 

2 Washer, lock, 1/4 in. (4 rqr) 

3 Bracket (2 rqr) 

4 Pin 

5 Fuel rod link 

6 Return spring 

7 Adjusting screw (8 rqr) 


8 Control rack lever (4 rqr) 

9 Screw, cap, hex- head 

10 Nut, 5/16-24 

11 Load limit adjustment plate 

12 Screw, cap, hex- head, 1/4-20 x 1 in. (2 rqr) 

13 Washer, lock, 1/4 in. (2 rqr) 

14 Torque limit control arm 

15 Injector control tube 
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Figure Injector control tube, exploded view. 


f. Reassembly. Reassemble the injector 
control tube assembly in the reverse of the 
numerical sequence as illustrated on figure 
12—46. 

g. Installation. 

(1) Install the injector control tube as- 
sembly on the cylinder head. Install 
screws (1) and lockwashers (2), 

( 2 ) Tighten screws (1) only finger tight. 
Slide injector control rack levers on 
tube until they engage the injector 
control racks. 

(3) Hooik one end of return spring (6) 
in control rack lever and other end 
in bracket. Tighten screws (1) to a 
torque of 10 to 12 foot pounds. 

(4) 'Revolve control tube and release 
Return spring must pull injector 


control racks out to the no fuel ')posi- 
tion after they have been pushed all 
the way in. If tube binds, tap tube 
lightly to aline tube in bracket 
bearings. 

(5) Injector racks must return to no fuel 
position freely with aid of return 
spring only. If spring does not re- 
turn racks correctly, replace spring. 
Do not bend spring to correct for 
binding. 

(6) Refer to paragraph 12-17 and install 
the valve rocker cover. 

(7) Refer to TM 5-3805-237-12 and in- 
stall the engine hood. 

h. Adjust Control Tube and Injectors, Re- 
fer to paragraph 12-60 and adjust control 
tube and tune the engine. 



12-66 


TM 5-3805-237-35 


Section VI. LUBRICATION SYSTEM 


12-21. General 

a. The engine lubrication system is sche- 
matically illustrated on figure 12-46. Lubri- 
cating oil is circulated by a gear type pressure 
pump mounted on the number 1 and number 
2 main bearing caps. Drive for the pum'p is 
supplied from the crankshaft gear. 

, 6. Oil fwm the pump is forced through 
the oil cooler. From the cooler the oil is 
forced into the oil galleries of the cylinder 
block and distributed to the various engine 
bearings. Drains from the cylinder head 
and other engine parts lead back to the oil 
pan. 

c. The oil is sucked into the pump through 
the inlet screen (fig. 12-46). A relief valve, 
integral within the pump (fig. 12-47) by- 
passes excess oil from the outlet side to the 
inlet side of the pump when pressure in 
the oil gallery exceeds 100 psi. From the 
pump the oil flows through a pressure regu- 
lator valve (fig. 12-46). This valve stabi- 
lizes oil pressure throughout the engine at all 
engine speeds regardless of oil temperature. 
When the oil pressure at the valve exceeds 45 
psi the regulator valve opens and remains op- 
en until the pressure drops below opening 
pressure. 

d. A portion of the oil is filtered as it 
returns to the oil pan by a bypass type oil 
filter (fig. 12-46) mounted on a bracket at 
the right hand side of the engine. 

12-22. Oil Filter 

a. General, The bypass type oil filter re- 
ceives oil as it drains back to the oil pan. 
Oil flows into the filter near the top, 
through the element, and out the bottom of 
the filter into the cylinder block. 

b. Removal. Refer to figure 12-48 and re- 
move the oil filter from the engine. 

c. Disassembly. Disassemble the oil filter 
in the numerical sequence as shown in figure 
12-49. 

d. Cleaning. Clean all metal parts with 
cleaning compound, solvent (Spec. P-S-661) 
and dry thoroughly. Clean oil lines with a 
damp cloth and blow lines clean with fresh 
air. 


Warning: The solvent is highly inflam- 

mable. Do not use solvent near open flame. 

e. Inspection and Repair. 

(1) Inspect all parts for damage and 
evidence of leaks. 

(2) Replace all damaged parts. 

(3) Refer to TM 5-3805-237-12 for in- 
tervals and service instructions for 
the oil filter. 

f. Reassembly. Reassemble the oil filter in 
reverse of the numerical sequence as shown on 
figure 12-49. 

g. Installation. Refer to figure . 12-48 and 
install the mounting bracket and oil filter on 
the engine 

12-23 Oil Cooler 

a. General. 

(1) The lubricating oil cooler (fig. 12- 
46) is mounted on the left side of 
the engine beneath the water pump. 
Oil is forced through the oil coo-ler 
and cooled as it passes through the 
cores. 

(2) Coolant from the radiator enters the 
bottom of the cooler, travels up 
through the cooler, and out the top 
into the water pump. 

(3) The cooled oil leaves the odl cooler 
and enters the cylinder block where 
it is distributed through the oil gal- 
leries. 

h. Removal. 

(1) Refer to TM 5-3805-237-12 and 
drain cooling system. 

(21 Refer to figure 12-60 and remove oil 
cooler and adapter from engine. 

c. Disassembly. Disassemble the oil cooler 
in the numerical sequence as illustrated on 
figure 12-51. Discard all gaskets. 

d. Cleaning. 

(1) Clean inside of oil cooler core and oil 
passages with a wire brush or metal 
probe and flushing with cleaning 
compound, solvent (Spec. P-S-661). 
Dry thoroughly with compressed air. 

Warning: The solvent is highly 
inflammable. Do not us solvent near 
an open flame. 


12-67 




DRIVEN 

GEAR 


PLUG 


VALVE 

SPRING 


RELIEF 

VALVE 
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Figure 12-47. Oil pump, cutaway view. 


(2) Clean scale and mineral formations 
from housing and outside of core 
with a wire brush. Flush with water 
and dry thoroughly. 

(3) Clean the bypass valve in solvent and 
dry thoroughly. 

e. Inspection and Repair. 

(1) Inspect housing, core, and adapter 
for cracks, leaks, and damage. Re- 
■place cracked, damaged, or leaking 
parts. 


(2) Inspect valve for wear and scoring, 
■^leplace a damaged valve. 

(3) Inspect valve spring for weak or 
broken condition. Replace a weak or 
broken valve spring. 

f. Reassembly. Reassemble the oil cooler 
in reverse of the numerical sequence as illus- 
trated on figure 12-51. 

g. Installation. Refer to figure 12-50 and 
install the oil cooler and adapter on the en- 
gine. 
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STEP K REMOVE DRAIN PLUG AND DRAIN OIL 
FROM FILTER. 

STEP 2. DISCONNECT INLET OIL LINE FROM 

FILTER AND FROM UNION IN CYLINDER 
BLOCK. 

STEP 3. DISCONNECT OUTLET OIL LINE FROM 
BOTTOM OF FILTER AND ELBOW IN 
CYLINDER BLOCK. 

STEP 4. REMOVE FOUR SCREWS, LOCK WASHERS, 
FLAT WASHERS, AND NUTS. REMOVE 
OIL FILTER FROM BRACKET. 

STEP 5. REMOVE TWO SCREWS AND LOCK 
WASHERS AND REMOVE OIL FILTER 
MOUNTING BRACKET FROM ENGINE. 

STEP 6. REMOVE ELBOW AND UNION FROM 
CYLINDER BLOCK. 

MEC 3805-237-35/12-48 
Figure Oil filter, removal and installation. 

12-24. Oil Pan 

a. General. 

(1) The shallow oil pan acts as a sump 
for the oil. A screened intake for 
the oil pump is suspended in the oil 
pan and carries the oil from the pan 
to the pump. 

(2) The oil pan is of sheet metal construc- 
tion. A drain for the pan is sus- 
pended on a hanger at the right side 


of the engine. The oil gage is 
mounted in a guide secured to an 
adapter on the left side of the oil 
pan. 

b. Removal. 

(1) Refer to paragraph 2-31 and remove 
the engine from the motor grader, 

(2) Refer to TM 6-3805-237-12 and 
drain oil from engine. 

(3) Install the engine on blocks or on an 
appropriate stand to make the oil 
pan accessible for removal 

(4) Remove clamp and remove engine 
oil gage, guide, and adapter from 
left side of oil pan. 

(5) Refer to figure 12-52 and remove 
the engine oil drain and oil pan. 

c. Cleaning. Clean all sludge and carbon 
from oil pan. Scrape inside of pan with a 
wire brush. Flush oil pan with cleaning com- 
pound, solvent (Spec. P-S-661) and dry thor- 
oughly. Clean all gasket fragments and resi- 
due from gasket surfaces of oil pan and en- 
gine cylinder block. 

Warning: The solvent is highly inflam- 
mable. Do not use solvent near an open flame. 

d. Inspection and Repair. 

(1) Refer to figure 12-53 and inspect oil 
pan for cracks and damage. Check 
for evidence of leaks. 

(2) Replace oil pan if badly damaged or 
leakage is evident. 

e. Installation. 

(1) Coat gasket and gasket surfaces with 
gasket sealant. 

(2) Refer to figure 12-52 and install the 
oil pan on the engine. 

(3) Install adapter, guide, and oil gage 
on engine and secure with clamp. 

(4) Refer to paragraph 2-31 and install 
the engine in the motor grader. 

12-25. Oil Pump 

a. General. 

(1) The gear type oil pump is mounted 
on the first and second bearing caps. 
A screened inlet and pipe carry the 
oil from the oil pan to the pump. 

(2) The outlet pipe from the oil pump 
carries oil to the pressure regulator 
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1 Pipe plug 

2 Inlet oil line 

3 Outlet oil line 

4 Elbow 

5 Union 

6 Screw, cap, hex-head, 

3/8-16 X 1-1/4 in. (4 rqr) 

7 Nut, 3/8-16 (4 rqr) 

8 Washer, lock, 3/8 in. (4 rqr) 

9 Washer, flat, 3/8 in. (4 rqr) 

10 Screw, cap, hex- head, 3/8-16 
X 2-1/2 in. (2 rqr) 

11 Nut, 3/8-16 (2 rqr) 

12 Washer, lock, 3/8 in. (2 rqr) 




13 Strap (2 rqr) 

14 Cover bolt 

15 Bolt gasket 

16 Cover 

17 Cover gasket 

18 Cover spring 

19 Filter element 

20 Spacer 

21 Filter shell 

22 Screw, cap, hex- head, 
7/16-14 X 1 in. (2 rqr) 

23 Washer, lock, 7/16 in. 
(2 rqr) 

24 Mounting bracket 




Figure Oil filter, exploded view. 


valve mounted on a comer of the 
engine block. From there the oil en- 
ters the oil cooler and is distributed 
throughout the eng^ine. 


b. Removal. 

(1) Refer to paragraph 2-31 and remove 
the engine from the motor grader. 

(2) Install the engine on blocks or a suit- 
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WATER 

PUMP 

CLAMP 


OIL COOLER 
HOUSING 


OIL j 
OOLER ! 

adapter! 




RADIATOR OUTLET 
HOSE CLAMP 


REMOVE CLAMP AND 
BREATHER TUBE, 


DRAIN 

COCK 


STEP 1. OPEN DRAIN COCK AND DRAIN COOLANT FROM 
OIL COOLER. 

STEP 2. LOOSEN CLAMP AND REMOVE RADIATOR OUTLET 
HOSE FROM OIL COOLER,, 

STEP 3. LOOSEN CLAMP AND DISENGAGE WATER PUMP 
FROM OIL COOLER. 

STEP 4. REMOVE SIX SCREWS AND LOCK WASHERS AND 

REMOVE OIL COOLER HOUSING AND OIL COOLER 
CORE FROM OIL COOLER ADAPTER. REMOVE OIL 
COOLER CORE GASKET. 

STEP 5. REMOVE SEVEN SCREWS AND REMOVE OIL COOLER 
ADAPTER AND GASKET FROM ENGINE. 
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Figure 12—50. Oil cooler, removal and installation. 


able engine stand to make the oil 
pan accessible for removal, 

(8) Refer to paragraph 12-24 and re- 
move the oil pan from the engine, 
(4^ Refer to figure 12-54 and remove 
the oil pump from the engine. 


c. Disassembly. Disassemble the oil Ipump 
in the numerical sequence as illustrated on 
figure 12-55, 

(1) Press scavenge pump drive gear (64) 
from shaft, using a suitable arbor 
press. 
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1 Screw, cap, hex-head, 5/16-18 X 3 in. (6) 

2 Washer, lock, 6/16 in. (6) 

3 Drain cock 

4 Housing 

5 Core outer gasket 

6 Cooler core 

7 Core inner gasket 

8 Screw, cap, hex-head, 3/8-16 X 1 7/8 in. 

9 Washer, flat 

10 Screw, cap, hex-head, 3/8-16 X 1 1/8 in. (6) 

11 Washer, lock, 3/8 in. (6) 

12 Adapter 

13 Adapter gasket 

14 Pipe plug 


16 Screw, cap, hex-head, 6/16-18 X 1 in- (2) 

16 Washer, lock, 6/16 in. (2) 

17 Flange 

18 Flange gasket 

19 Screw, cap, hex-head, 6/16—18 X 1 in. (2) 

20 Washer, lock, 6/16 in. (2) 

21 Housing 

22 Gasket 

23 Pipe plug 

24 Pipe plug 
26 Valve plug 

26 Gasket 

27 Valve spring 

28 Valve 


i: 


Figure 12-51. Oil cooler, exploded view. 
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STEP 1, 
STEP 2. 
STEP 3. 

STEP 4. 
STEP 5. 


REMOVE DRAIN PLUG AND DRAIN OIL FROM 
ENGINE. 

REMOVE TWO NUTS AND LOCK WASHERS 
AND REMOVE U BOLT. 

REMOVE ELBOW FROM DRAIN PIPE. REMOVE 
DRAIN PIPE FROM ELBOW AND ELBOW FROM 
OIL PAN. 

REMOVE TWO SCREWS AND LOCK WASHERS 
AND REMOVE HANGER FROM ENGINE. 
REMOVE 26 SCREWS AND LOCK WASHERS AND 
REMOVE OIL PAN FROM ENGINE. REMOVE 
GASKET. 


MEC 3805-237-35/12 


Figure 12-52. Oil ‘pan, removal and installation. 


Note. Do not damage finished surface of 
oil pump body (75) when removing gear. 

(2) Use a suitable puller to remove drive 
gear (66) from pump shaft. 

(3) Press drive shaft (73) from oil pump 
drive gear (71) using a suitable ar- 
bor press. 

(4) If bushings require replaceih^nt, 


press bushings from bores of 
and pump body. 

(5) Discard all gaskets. 

d. Cleaning. Clean all pump parts ii 
fuel oil and dry thoroughly. 

e. Inspection and Repair. 

(1) Inspect gears and shafts for 
and damage. Replace worn o 
aged parts. 
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1 Oil gage 

2 Screw, cap, hex- head, 5/16-18 x 5/8 in. 

3 Nut, 5/16-18 

4 Washer, lock, 5/16 in, 

5 Clamp 

6 Bracket 

7 Guide 

8 Adapter 

9 Nut, 5/16-18 (2 rqr) 

10 Washer, lock, 5/16 in. (2 rqr) 

11 Bolt, U 

12 Pipe plug 


13 Elbow 

14 Drain pipe 

15 Elbow 

16 Screw, cap, hex- head, 3/8-16x1 in. (2 rqr) 

17 Washer, lock, 3/8 in. 

18 Hanger 

19 Screw, cap, hex- head, 5/16-18 x 

3/4 in. (26 rqr) 

20 Washer, lock, 5/16 in. (26 rqr) 

21 Oil pan 

22 Gasket 

23 Pipe plug 
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Figure 1B-5S. Oil pan, exploded view. 

(2) Inspect gear cavities in pump bodies (3) Inspect gear bushings for wear an 

for wear and damage. Replace body damage. Re'place bushings if wor 

if worn or damaged. or damaged. 
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SCREEN RETAINER 


REMOVE SCREWS (2) AND 
LOCK WASHERS (2) AND 
REMOVE SCAVENGE 
INLE" PIPE. 



s REMOVE SCREWS (2) AND 
■ LOCK WASHERS (2). 

SCAVENGE 
OUTLET 
PIPE . 

\ Xo 

^ REMOVE SCREW, 

NUT, AND LOCK, 

WASHER AND 
REMOVE CLAMP. 

' remove SCREW AND 
LOCK WASHER AND 

REMOVE BRACKET. 

\ X \x 
^ REMOVE SCREWS (2) 

AND LOCK WASHERS (2) 
AND REMOVE SCAVENGE 
OUTLET PIPE. 


REMOVE SCREWS (2) AND 
LOCK WASHERS (2). 


REMOVE SCREWS (2) AND 
LOCK WASHERS (2) AND 
REMOVE OUTLET PIPE. 


OIL PRESSURE 
REGULATOR 


REMOVE SCREWS (2) AND-i 
LOCK WASHERS (2) AND 
REMOVE OIL PRESSURE 
REGULATOR. 




REMOVE SCREWS (2) 

^ AND LOCK WASHERS (2). 


REMOVE SCREWS (4) AND 
LOCK WASHERS (4) AND 
REMOVE OIL PUMP. 


STEP 1. REMOVE SCREEN RETAINER AND SCREEN FROM SCREEN COVER. 

STEP 2. REMOVE TWO SCREWS AND LOCK WASHERS SECURING SCAVENGE 
INLET PIPE TO SCAVENGE PUMP. REMOVE SCAVENGE INLET 
PIPE AND GASKET. 

STEP 3. REMOVE TWO SCREWS AND LOCK WASHERS SECURING BRACKET 
TO BEARING CAP. 

STEP 4. iJEMOVE TWO SCREWS AND LOCK WASHERS SECURING INLET 
PIPE TO OIL PUMP AND REMOVE INLET PIPE, SCREEN COVER, 

AND BRACKET. REMOVE GASKET. 

STEP 5. REMOVE SCREW AND LOCK WASHER AND REMOVE CLAMP 
FROM SCAVENGE OUTLET PIPE. 

STEP 6. REMOVE TWO SCREWS AND LOCK WASHERS SECURING SCAVENGE 
OUTLET PIPE TO SCAVENGE PUMP AND REMOVE SCAVENGE 
OUTLET PIPE. REMOVE GASKET. 

STEP 7. REMOVE SCREW AND LOCK WASHER AND REMOVE BRACKET. 

STEP 8. REMOVE TWO SCREWS AND LOCK WASHERS SECURING OUTLET 
PIPE TO OIL PUMP. 

STEP 9. REMOVE TWO SCREWS AND LOCK WASHERS SECURING OUTLET 
PIPE TO OIL PRESSURE REGULATOR AND REMOVE OUTLET PIPE. 

REMOVE GASKETS. 

STEP 10. REMOVE TWO SCREWS AND LOCK WASHERS SECURING OIL 
PRESSURE REGULATOR AND REMOVE REGULATOR. 

REMOVE GASKET. 

STEP 1 1 . REMOVE FOUR SCREWS AND LOCK WASHERS SECURING OIL 
PUMP TO BEARING BRACKETS AND REMOVE OIL PUMP, 

REMOVE SHIMS. 

MEC 3805-237-35/12-54 


Figure 12-54- Oil pump, removal and installation. 
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(4) Inspect relief valve and valve seat in 
body for wear and scoring. Replace 
valve or body if worn or scored. 

(5) Inspect valve sprin;g for weak and 
broken condition. Spring should 
have a free length of 2.359 inches 
and require 48 to 53 pounds to com- 
press it to 1.596 inches. Replace 
s'pring if weak, broken, or it does 
not meet these specifications. 

(6) Inspect oil pressure regulator valve 
and regulator body for wear and 
scoring. Valve must move freely in 
body. Replace valve or body if worn 
or scored or if valve binds in body. 

(7) Inspect regulator valve spring for 
weak and broken condition. Spring 
should have a free length of 2.484 
inches and should require a weight 
of 14 to 15 pounds to compress it to 
1.656 inches. Replace spring if weak 
or broken if it does not meet these 
specifications. 

(8) Inspect oil pipes for damage. Re- 
place any damaged pipes. Clean 
screen thoroughly and inspect for 
damage. Replace damaged screen. 

(9) Check all parts against tolerances 
listed in Table 1-1. Replace all parts 
not conforming to repair and rebuild 
standards. 

(10) Replace all worn or damaged parts. 

/. Reassembly. Reassemble the oil pump 
in reverse of the numerical sequence as illus- 
trated on figure 12-55. 

(1) Lubricate drive gear shaft (73) with 
engine oil (OE) before pressing 
drive gears (71, 66, and 54) on shaft. 


(2) Press drive gear (66). on shaft only 
far enough to leave 0.005 clearance 
between gear and support. Check 
and adjust clearance using a feeler 
gage. 

(3) Lubricate valves (44 and 32) with en- 
gine oil (OE) before installing valves 
in oil pump body and oil pressure 
regulator body. Install springs and 
tighten plugs securely. 

(4) After completion of reassembly 
(items 75 through 41), check pump 
by rotating idler gear. Pump gears 
must rotate freely with no evidence 
of binding. 

g. Installation. 

(1) Refer to figure 12-54 and install the 
oil pump, pipes, and inlet screen on 
the engine. 

(2) Install pump with idler gear teeth 
in mesh with drive gear on crank- 
shaft. Teeth must be parallel. 
Tighten pump mounting bolts and 
check clearance between idler gear 
teeth and drive gear teeth with a 
feeler gage. 

(3) Clearance should be 0.005 to 0.012 
inch. Install shims (35, fig. 12-55) 
under oil pump mounting surfaces to 
achieve this clearance. 

Note. When adding or removing shims, 
install same amount of shims on each 
mounting surface to keep oil pump level on 
bearing caps. 

(4) Refer to paragraph 12-24 and in- 
stall the oil pan on the engine. 

(5) Refer to paragraph 2-31 and install 
the engine on the motor grader. 
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1 Screen retainer 

2 Screen 

3 Screw, cap, hex-head, 6/16-18 X 1 in. (2) 

4 Washer, lock, 6/16 in. (2) 

5 Scavenge inlet pipe 

6 Gasket 

7 Screw, cap, hex-head, 3/8-24 X 7/8 in (2) 

8 Washer, lock, 3/8 in. (2) 

9 Screw, cap, hex-head, 6/16-18 X 1 1/2 in. (4) 

10 Washer, lock, 6/16 in. (4) 

11 Gasket 

12 Screw, cap, hex-head, 1/4-28 X 5/8 in. 

13 Nut 1/4-28 

14 Washer, lock, 1/4 in. 

16 Clamp 


16 Screw, cap, hex-head, 6/16-18 X 1 3/4 in. (2) 

17 Washer, lock, 6/16 in. (2) 

18 Scavenge outlet pipe 

19 Gasket 

20 Screw, cap, hex-head, 3/8-24 X 7/8 in. 

21 Washer, lock, 3/8 in. 

22 Screw, cap, hex-head, 6/16-18 X 7/8 in. (2) 

23 Washer, lock, 6/16 in. (2) 

24 Outlet pipe 

25 Gasket (2) 

26 Screw, cap, hex-head, 6/16-18 X 1 1/8 in. (2) 

27 Washer, lock, 6/16 in. (2) 

28 Oil pressure regulator body 

29 Gasket 
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Figure 12-55. Oil pump, exploded view. 


32 Valve 

33 Screw, cap, hex-head, 3/8-24 X 1 in. (4) 

34 Washer, lock, 3/8 in. (4) 

35 Shim 

36 Screw, cap, hex-head, 6/16-18 X 1 1/2 in. (2) 
87 Washer, lock, 5/16 in. (2) 

38 Bracket 

39 Inlet pipe 

40 Screen cover 

41 Valve plug (2) 

42 Gasket (2) 

43 Spring 

44 Valve 

46 Screw, cap, hex-head, 6/16-18 X 3/4 in. (2) 

46 Washer, lock, 6/16 in. (2) 

47 Pad cover 

48 Gasket 

49 Screw, cap, hex-head, 6/16-18 X 3 in. (4) 

60 Washer, lock, 6/16 in. (4) 

61 Scavenge pump body 

62 Driven gear shaft 


puiiijj urjivB 

66 Key, woodruff 

66 Scavenge pump driven gear 

67 Gear bushing 

68 Pump spacer 

69 Oil pump driven gear 

60 Gear Imshing 

61 Screw, cap, hex-head, 6/16-18 X 7/8 in. 

62 Washer, lock 

63 Pin 

64 Washer, thrust 
66 Idler gear 

66 Drive gear 

67 Key, woodruff 

68 Screw, cap, hex-head, 8/8-16 X 7/8 in. 

69 Idler gear support 

70 Dowel pin 

71 Oil pump driven gear 

72 Key, woodruff 

73 Drive shaft 

74 Bushing (2) 

76 Oil pump body 


Figure ISSS — Continued. 


Section VII. FLYWHEEL HOUSING AND ASSOCIATED PARTS 


12-26. General 

a. The flywheel housing is mounted against 
the engine rear end plate. The housing en- 
closes the gear train and the flywheel. Sup- 
port for the clutch brake housing is supplied 
by the outer circumference of the housing, 

b. A lip type oil seal is installed in a coun- 
terbore in the housing and contacts the crank- 
shaft. Three covers on the housing can be re- 
moved to gain access to the blower drive 
gear, camshaft gear, and balancer gear. 

c. The blower drive gear housing and drive 
gear train are mounted on the front of the 
fljrwheel housing. Two clamp t 3 rpe seals hold 
the blower drive cover to the blower drive 
support which is mounted on the flywheel 
housing. An oil line connected to the engine 
block supplies lubricating oil to the blower 
drive gear in the flywheel housing. The engine 
oil fill'er tube and cap are installed in the 
blower drive support. 

1 2-27. Blower Drive Gear 

a. General. The blower drive gear cam is 
splined to receive the blower drive shaft. The 


cam is mounted in a flexible drive coupling 
The coupling is spring-loaded to insure uni 
form rotation of the blower rotors. 

6. Removal. 

(1) Refer to paragraph 2-31 and remov 
the engine from the motor grader. 

(2) Refer to paragraph 12-6 and remov 
the blower assembly. 

(3) Remove clamps attaching fuel line 
to blower drive support and fly 
wheel housing. Refer to par? 
graph 12-16 and remove fuel filters 

(4) Disconnect oil line from elbow i5 
drive support and elbow in crankcase 

(5) Remove six screws and lockwasher 
and four nuts and remove flywhet 
housing small hole cover and cove 
gasket. 

(6) Remove retaining ring securing blow 
er drive shaft to blower drive cai 
and remove blower driye shaft. 

(7) Straighten the ears on lockwasher s« 
curing drive gear hub Aut and loose 
hub nut. 
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(8) Remove two screws and lockwashers 
securing blower drive support to fly- 
wheel housing and end plate. Tap 
drive support lightly with a rubber 
hammer and remove drive support. 
Use care when removing to prevent 
damage to drive gear teeth. Remove 
gasket. 

c. Disassembly. Disassemble blower drive 
in the numerical sequence as illustrated on 
figure 12-56. Discard all gaskets. 

(1) Install blower drive gear and sup- 
port in a vise with soft jaws. 

(2) Remove screws (15) and lockwashers 
(16) and remove coupling support 
(22). Remove springs (19), spring 
seats (21), and cam (18). 

(3) Remove hub locknut (23), lockwash- 
er (24), lockball (26), and thrust 
washer (25) and remove hub and 
gear. Remove thrust washer (27). 

(4) Press gear hub (28) from drive gear 
(29). 

(5) Press sleeve bearing (31) from drive 
gear support (32). 

d. Cleaning. Clean all metal parts in clean 
fuel oil and dry thoroughly with compressed 
air. Check all oil grooves, oil holes, and cavi- 
ties to be sure they are free of dirt. 

e. Inspection and "Repair. 

(1) Inspect thrust washers for wear and 
scoring. Replace thrust washers if 
worn or scored. 

(2) Inspect sleeve bearings for wear and 
scoring. Replace bearing if worn or 
scored. 

(3) Inspect blower drive shaft for wear 

and damage to splines. Replace 

drive shaft if splines are worn or 
damaged. 

(4) Inspect drive coupling support, cam, 
spring seats, and spring packs for 
wear and damage. Replace worn or 
damaged parts. 

(5) Inspect drive hub and drive gear for 
wear and damage. Inspect gear teeth 
for scoring and pitting. Replace 
damaged, scored or pitted parts. 

(6) Check all parts against tolerances 
listed in Table 1-1. Replace all 


parts not conforming to repair a 
rebuild standards. 

f. Reassembly. Reassemble the blov 
drive in reverse of the numerical sequence 
illustrated on figure 12-56. 

(1) If bearings (31) were removed fr^ 
the support, install bearings as i 
lows: 

(a) Press outer bearing into suppi 
until end of bearing is flush 
0.030 inch below the surface of ^ 
face of the support. 

(&) Press inner bearing into supp 
until end of bearing protru< 
0.045 to 0.065 inch above surf 
of face of support. 

(c) Ream or bore inside diameter 
bearings to 1.6260 to 1.6265 inch 

(d) Clearance between bearings 8 
drive hub should be 0.0010 
0.0025 inch for new parts and 
maximum of 0.0050 inch wl 
used parts are insitalled. 

(e) Replacement bearings must wi 
stand a 2,000 pound end 1( 
without turning. Bearing bo 
must be square With inner £ 
outer faces of support wit 
0.001 inch total indicator readi 

(2) Install thrust washer (27) on p 
truding end of inner bearing. 

(3) Press the drive gear hub (28) i 
bore of drive gear (29). 

(4) Lubricate drive gear hub, bearings 
support, thrust surfaces, and thr 
washer with engine oil (OE). 

(5) Install drive gear and hub in s 
port. Locate lockball (26) in di 
gear hub and slide thrust was 
(25) into position on hub over Ic 
ball. 

(6) Install a new lockwasher (24) j 
locknut (23) on hub. Tighten 
only finger tight. Install two scr( 
(15) in threaded holes in hub. PI 
a holding bar across screws and 
cure with a holding device. Tigh 
locknut to a torque of 50 to 60 1 
pounds. Bend tabs of lockwas 
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17 Coupling retainer 

18 Drive coupling cam 

19 Coupling spring pack (2) 

20 Spring seat (4) 

21 Coupling spring end seat (2) 

22 Drive coupling support 

23 Locknut 

24 Lockwasher 
26 Thrust washer 

26 Lock ball 

27 Thrust washer 

28 Drive gear hub 

29 Drive gear 

30 Pipe plug 

31 Sleeve bearing (2) 

32 Drive gear support 

Blower drive gear and support, exploded view. 


1 Oil filler cap 

2 Cap gasket 

3 Oil filler tube 

4 Tube strainer 

6 Oil line 

6 Elbow 

7 Elbow 

8 Retaining ring 

9 Drive shaft 

10 Clamp (2) 

11 Seal ring (2) 

12 Screw, cap, hex— head, 3/8-24 X 7/8 in. (2) 

13 Washer, lock, 3/8 in. (2) 

14 Gasket 

15 Screw, cap, hex-head (6) 

16 Washer, lock, 6/16 in. (6) 

Figure 12-56. 

over nut. Remove two screws from 
hub. 

(7) Assemble the blower drive coupling 
as follows: 

(а) Place the drive coupling support 
(22) on wooden blocks as shown 
in figure 12-67. 

(б) Install the spring seats (20 and 
21) in drive coupling support as 
illustrated on figure 12-57. 

(c) Apply engine (OE) to spring 
packs (19) and place spring 
packs in coupling support as il- 
lustrated on figure 12-67. 


(d) Using a piece of circular steel rxx 
slightly tapered at the rounde 
large end and with a shaft to f 
the cam, place cam (18) on shaf 
Push tool through springs 
spread springs as illustrated c 
figure 12-57. Push cam into pos 
tion between springs until seat( 
in center of support. 

(8) Install the coupling support again 
the drive gear with the blower sha 
ring groove of cam away fro 
gear. Install coupling retainer (1' 
on coupling support with flared ed 
of retainer away from support. 
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Figure 12-57. Installing blower drive cam. 


(9) Aline lobes of cam with oil grooves 
in gear hub as illustrated on figure 
12-58. Install six screws (15) and 
lockwashers (16) and tighten 
securely. 

(10) Check clearance between gear hub 
and thrust washer (27). Clearance 
should be 0.005 to 0.008 inch. 


g. Installation. 

(1) Install drive gear on flywheel he 
ing and end plate. Secure with i 
screws (12, fig. 12-56) and lo 
washers (13). 

(2) Install elbows (6 and 7) and conr 
oil line (5) to elbows. 
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Figure 12-58. Alining cam and oil grooves in gear hub. 


(3) Refer to paragraph 1-6 and install 
blower assembly. 

(4) Install the drive shaft (9) into the 
rotor gear hub and blower rotor 
coupling. Secure drive shaft in cam 
with retaining ring (8). 

(5) Install flywheel housing small hole 
cover and secure with six screws, six 
lockwashers and four nuts. 

(6) Refer to paragraph 12-15 and in- 
stall fuel lines and filters. 

(7) Refer to paragraph 2-31 and install 
engine in motor grader. 

12-28. Flywheel 

a. General. The flyywheel is mounted inside 
of the flywheel housing and is attached di- 
rectly to the crankshaft. Inside the bore of 


the flywheel is a coupling for the power bos 
propeller shaft. 
h. Removal. 

(1) Refer to paragraph 2-31 and remove 
the engine from the motor grader. 

(2) Refer to paragraph 2-32 and remove 
the clutch brake housing and clutcl 
assembly from the engine. 

(3) Cut the lock wire and remove sb 
screws, lockwashers, and plate secur 
ing flywheel to crankshaft. 

(4) Install two 7/16-14 X 4 inch pullei 
screws into tapped holes in flywhee* 
as shown in figure 12-59. Install tw< 
pilot studs in flywheel as shewn. 

(5) Install a suitable lifting hook ii 
hole in flywheel and connect hook t( 
a hoist. 
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Figure 12-59. Flywheel, removal and installation. 

(6) Turn puller screws in evenly to pull 
flywheel off dowels and onto pilot 
studs. 

(7) Lift flywheel off studs and out fly- 
wheel housing. Remove puller 
screws. 

c. Disassembly. The flywheel ring gear 
around the circumference of the flywheel may 
be removed if teeth are damaged or ring gear 
is cracked. 

(1) Place flywheel, crankshaft side down, 
on a solid flat surface or block with 
a slightly less diameter than the 
flywheel. 

(2) Drive the ring gear from the flywheel 
using a suitable drift and hammer. 
Work the drift around the circumfer- 
ence of the ring gear to avoid bind- 
ing of ring gear. 

d. Reassembly. 

(1) Support flywheel in a level position 
with crankshaft side up. 

(2) Place ring gear on a metal or concriete 
surface and heat ring gear with a 
torch. Keep torch moving around 
outside of ring gear to heat gear uni- 


formly. Do not heat ring gear over 
400°F. 

(3) Pick ring gear up with tongs and 
place on flywheel, with ring gear 
chamfer facing same way as ring that 
was removed. 

(4) Tap ring gear into place against 
shoulder on fljwheel. If ring gear 
does not go into place readily more 
heat may have to be applied. 

e. Installation. 

(1) Install hook in flywheel and lift in- 
to position as illustrated on figure 
12-59. Place retainer plate inside of 
hook on flywheel. 

(2) Aline holes in flywheel with dowel 
pins in crankshaft and install fly- 
wheel on crankshaft, 

(3) Install two screws and lockwashers 
to hold flywheel in place and remove 
lifting hook. 

(4) Install remaining four screws and 
lockwiashers and tighten six screws 
to a torque of 150 to 160 foot 
pounds. Install lock wire between 
screws. 

(5) Mount a dial indicator on the fly- 
wheel housing and check runout of 
flywheel at clutch contact face, 

(6) Maximum allowable runout is 0,005 
inch total indicator reading. 

(7) Refer to paragraph 2-32 and install 
clutch assembly and clutch brake 
housing on engine. 

(8) Refer to paragraph 2-31 and in- 
stall engine in motor grader. 

12-29. Flywheel Housing 

a. General. The flywheel housing encloses 
the rear of the engine, houses the flywheel, 
and allows access to the upper gears. The rear 
crankshaft oil seal is also housed in the fly- 
wheel housing. 

b. Removal. 

(1) Refer to pragraph 2-31 and remove 
the engine from the motor grader. 

(2) Refer to pragraph 2-32 and remove 
the clutch brake and clutch from the 
engine. 


12-84 



move the starter. 

(4) Refer to paragraph 12-18 and re- 
move the throttle linkage from en- 
gine rear lifting bracket. 

(5) Refer to paragraph 12-15 and re- 
move fuel filter and bracket from 
flywheel housing. 

(6) Refer to paragraph 12-24 and re- 
move the oil pan. 

(7) Refer to paragraph 12-27 and re- 
move the blower drive gear. 

(8) Refer to paragraph 12-28 and re- 
move the flywheel. 

(9) Remove two screws (19, fig. 12-60) 
attaching lifting bracket (12) to cyl- 
inder head. Attach a suitable hoist 
to lifting bracket. 

(10) Remove six screws (23) and flat 
washers (24) and six screws (25) 
and lockwashers (26) from inside of 
flywheel housing. 

(11) Remove eight screws (27 and 28), 
four nuts (30) and eight lockwash- 
ers (31) from rear of flywheel hous- 
ing. Remove two screws (29) and 
lockwashers (31).' 

(12) Using hoist, lift flywheel housing 
from engine rear end plate. Remove 
gasket (33). 

Note. It may be necessary to strike fly- 
wheel housing with a leather hammer to jar 
housing off dowels. 

(13) Discard all gaskets. 

c. Disassembly. 

(1) Remove lifting bracket and covers 
from flywheel in the numerfical se- 
quence as shown on figure 12-60. 

(2) Support flywheel housing on inner 
face. Using a suitable driver, drive 
oil seal (34) and spacer (35), from 
flywheel housing. 

d. Cleaning. Clean all parts in cleaning 
compound, solvent (Spec, P-S-661) and dry 
thoroughly with compressed air. Clean all old 
gasket material from flywheel housing and 
end p'Me. 

Warning: The solvent is highly inflam- 
mable. Do not use solvent near an open flame. 


(1) Inspect flywheel housing for cracl 
and other damage. Replace a cracke 
or damaged flywheel housing. 

(2) Inspect oil seal bore in housing fc 
burs and damage. Remove bui 
with a fine stone if possible. Replac 
fl 3 rwheel housing if bore is badl 
burred or damaged. 

(3) Refer to figure 12-60 and install fly 
wheel housing and new gasket o: 
engine. Secure with screws (23, 21 
27, 28, and 30). Tighten screws i: 
sequence as described in g below. 

(4) Mount a dial indicator on crank 
shaft and check runout of oil sea 
bore. Runout must not exceed 0,00: 
inch total indicator reading. 

(5) Remove screws and remove flywhee 
housing as described in h above. 

f. Reassembly. 

(1) Install spacer (35, fig. 12-60) in bore 
of flywheel housing. 

(2) Using a suitable tool, drive oil sea 
(34) into bore of housing. 

(3) Install lifting bracket (21) on fly 
wheel housing and secure with tw^ 
screws (19) and lockwashers (20). 

(4) Attach a suitable hoist to liftinj 
bracket and install a new gasket o] 
flywheel housing. 

(5) Install four pilot studs in holes h 
end plate. 

(6) . Install a suitable expander in oi 

seal to seat oil seal over crankshafi 
Install flywheel housing on engin 
over pilots. Install screws to hob 
flywheel housing in place and re 
move pilots. Install remainder of at 
taching screws and tighten screw 
lightly. 

(7) Refer to figure 12-61 and tighte] 
screws in sequence illustrated. Tight 
en screws to a snug fit. 

Note. Always tighten the idler gear hu 
screws (23, fig. 12-60) first. Rotate cranl 
shaft by hand while tightening screws t 
prevent binding of roller bearings. 

(8) Finish tightening the screws in th 
sequence illustrated on figure 12-6! 
to the following torques. 
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1 Lock wire 

2 Screw, cap, hex-head, 9/16-18 X 2 in. (6) 

3 Retaining plate 

4 Flywheel 

6 Flywheel ring gear 

6 Screw, cap, hex-head, 3/8-24 X 5 in. (4) 

7 Screw, cap, hex-head, 3/8-16 X 7/8 in. 12') 

8 Washer, lock, 3/8 in (6) 

9 Nnt, 3/8-24 (4) . 

10 Housing small hole cover 

11 Cover gasket 



15 Screw ,cap, hex-head, 1/2-13 X 1 in. (8) 

16 Washer, lock, 1/2 in. (8) 

17 Housing large hole cover (2) 

18 Cover gasket (2) 

19 Screw, cap, hex-head, 7/16-14 X 1 1/2 in. (4) 


20 Washer, lock, 7/16 in. (4) 

21 Lifting bracket 

22 Bracket gasket 

23 Screw, cap, hex-head, 3/8-16 X 1 in. (6) 

24 Washer, flat (6) 

26 Screw, cap, hex-head, 1/2-13 X 3 1/4 in. (6) 

26 Washer, lock, 1/2 in. 

27 Screw, cap, hex-head, 3/8-24 X 4 1/4 in. (4) 

28 Screw, cap, hex-head, 3/8-24 X 4 in. (4) 

29 Screw, cap, hex-head, 3/8-24 X 1 in. (2) 

30 Nut, 3/8-24 (4) 

31 Washer, lock, 3/8 in. (10) 

32 Flywheel housing 

33 Housing gasket 

34 Crankshaft rear oil seal 

35 Spacer 

36 Pipe plug 

37 Pipe plug 

38 Pipe plug 


Figure 12~60. Flywheel housing and flywheel, exploded view. 
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(a) Tighten idler gear hub screws 
(3/8-16) to a torque of 40 to 50 
foot pounds. 

(b) Tighten remaining 3/8-16 and 
3/8-24 screws to a torque of 24 to 
30 foot pounds. 

(c) Tighten 1/2-13 screws to a torque 
of 90 to 100 foot pounds. 

(9) Refer to paragraph 2-28 and install 
the flywheel. 

(10) Position dial indicators on flywheel 
housing to check concentricity of fly- 
wheel housing bore and bolting 
flange. 

(11) Rotate crankshaft one full revolu- 
tion. Take readings at 45° intervals 
(8 readings each of bore and 
flange). Maximum total indicator 
reading must not exceed 0.013 inch 
for both bore and flange. 

(12) If reading exceeds maximum, remove 
flywheel housing (b above) and 
check for dirt, foreign material or 
gasket out of alinement. 


(13) Clean housing and end plate 
stall new gasket, and install ho 
and tighten screws as desi 
above. Install flywheel (para 1‘ 

(14) Recheck concentricity of housi] 
described above. If reading 
exceeds maximum, replace fly 
housing. 

(15) Refer to paragraph 12-27 and i 
the blower drive gear. 

(16) Refer to paragraph 12-24 and : 
the oil pan. 

(17) Refer to paragraph 12-15 an 
stall the fuel filter and brack 

(18) Refer to paragraph 12-18 and ; 
the throttle linkage on engine 
lifting bracket. 

(19) Refer to TM 5-3805-237-12 
install starter. 

(20) Refer to paragraph 2-32 and : 
the clutch assembly and clutch 
housing on the engine. 

(21) Refer to paragraph 2-31 and ; 
the engine on the motor grade: 
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Figure 12-62. Flywheel housing final screw tightening sequence. 
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Section VIII. CYLINDER HEAD 


12-30. General 

a. The cylinder head is a one piece casting 
mounted above the cylinder bloch. It is at- 
tached to the cylinder block with nuts, studs, 
and screws. Cam followers (fig. 12-63) and 
guides, push rods, rocker arms, exhaust valves 
and injectors and operating mechanism are 
contained in the cylinder head. The upper op- 
erating parts are protected by the valve rocker 
cover. 

h. Valve seat inserts, pressed into the cyl- 
inder head, permit accui-ate seating of the 
valves under all conditions of temperature and 
in’olong the life of the cylinder head. The in- 
sei'ts are ground to close tolerances and are 
quite free from warpage, reducing valve re- 
conditioning to a minimum. The valves (fig. 
12-63) and the valve seat inserts are ground 
to a seating angle of 30°. 

c. To insure efficient cooling, each fuel in- 
jector is installed in a thin-walled copper tube 
which passes through the coolant space in the 
cast iron cylinder head. The tube is flared 
and seated against leaks. 

d. Exhaust jDassages from the valves of eaeh 
cylinder lead through a single port to the ex- 
haust manifold. These passages are also com- 
pletely surrounded by coolant. Nozzles incorp- 
orated into the coolant system of the head are 
so positioned to direct comparatively coiol wa- 
ter against sections of the head w'hich are 
subjected to the greatest heat. Two nozzles 
are located between each pair of cylinders and 
two single jet spray nozzles are installed at 
each end of the cylinder head. 

p. Fuel inlet and outlet manifolds are cast 
as integral parts of the head. This permits a 
greater degree of flexibility in installation of 
fuel lines with inlet and outlet passages pro- 
vided in the cylinder head opposite each cyl- 
inder position. 

/. Separate laminated gaskets are provided 
at each cylinder to seal compression between 
the cylinder head and the block. Water passages 
are sealed' with seal rings which fit into counter- 
bored holes in the block. A synthetic rubber 
seal fits in a rectangular milled groove near 
the outer perimeter of the block. When the 


cylinder head is pulled down and torqued prop- 
erly a positive leakproof, metal-to-metal con- 
tact is maintained between the head and block. 

12—31. Rocker Arms 

a. General The rocker arms are operated by 
the push rods (fig. 12-63) and cam followers. 
Each set of three rocker arms pivots on a shaft 
supported by two brackets. A single screw 
secures each bracket to the top of the cylinder 
head. 

b. Removal. 

(1) Refer to paragraph 12-17 and remove 
the rocker cover. 

(2) Refer to paragraph 12-17 and re- 
move the fuel pipes from the injectors 
and from the cylinder head. 

(3) Remove two screws (1, fig. 12-64) 
and brackets (2). Remove shaft (3) 
from rocker arms. 

Note. When removing' shaft, tip three 
rocker arms back only far enough to remove 
shaft. Forcing arms back too far could 
bend push rods. 

(4) Loosen locknut (13) and remove 
rocker ann from push rod. 

Note. Quantities shown in legend are for 
one cylinder only. 

c. Cleaning. Clean all parts in fuel oil. 
Clean oil passages in rocker arms, bracket bolts, 
and rocker arm shaft with a small diameter 
wire. Dry parts with compressed air. 

d. Inspection and Repair. 

(1) Inspect bracket bolts for clogged oil 
passages. Clean with 1/16 inch drill 
if necessary. Clean all metal particles 
and burs from bolt after drilling, 

(2) Inspect rocker arm shaft and bushings 
for wear. Check b^rts against toler- 
ances listed in Table 1-1. Replace 
parts not conforming to repair and re- 
build standards. Ream replacement 
bushings to size after installation. 

(3) Inspect rocker arms for wear and 
galling on valve contact surfaces. If 
worn, reface surfaces up to a depth 
of 0.010 inch. Do not overheat when 
grinding surface. Replace badly worn 
rocker arms. 
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Figure 12-63. Cylinder head, cutaway view. 


(4) Inspect clevis and pin for wear. Re- 
place worn parts. 
e. Installation. 

(1) Lubricate rocker shaft (3, fig. 12-54) 
with engine oil (OE). Install shaft in 
rocker arms (5 and 6). 

(2) Install brackets (2) on shaft with 
finished faces of brackets toward 
rocker arms. 

(3) . Position brackets in place in head and 

secure with two bracket screws (1). 
Tighten screws to a torque of 90 to 
100 foot pounds. 

(4) Refer to paragraph 12-17 and install 
the fuel pipes in cylinder head and 
injector. 

(5) Adjust valve clearance and time in- 
jectors as described in paragraphs 12- 
48 and 12-49. 


(6) Refer to paragraph 12-17 and in 
stall the rocker cover. 

12-32. Cylinder Head 

a. General. Some of the repair procedures 
required for parts installed on or in the cylindei 
head can be performed With the cylinder heac 
O'n the 'engine. However, for ease of access 
and inspection of various parts, the cylindei 
head must be removed from the engine. 

b. Removal. 

(1) Refer to the following paragraphs anc 
remove the following engine parts 

(а) Paragraph 12-8, exhaust manifolc 

(б) Paragraph 12-12, water manifolc 
(c) Paragraph 12-15, fuel filter anc 

bracket 

{d) Paragraph 12-17, fuel injector; 
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Figure 12-64. Valve operating mechanism, exploded view. 
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Figure 12-6^ — Continued. 


(e) Paragraph 12-18, throttle linkage 
(/) Paragraph 12-19, governor 
{g) Paragraph 12-20, injector control 
tube 

{h) Paragraph 12-31, rocker arms 

(3X Loosen the two screws, below engine 
front lifting bracket, securing the 
balance weight cover to front end 
plate. Loosen two screws, below 
engine rear lifting bracket, securing 
flywheel housing to rear end plate. 

Note, Screws must be loosened three or 
four turns to avoid interference when 
cylinder head is removed. 

(4) Remove two screws (19, fig. 12-60) 
securing engine rear lifting bracket 
to flywheel housing. 

(5) Remove two screws (1, fig. 12-65) 
securing engine front lifter bracket to 
balance weight cover. 

(6) Remove four cylinder head nuts (5, 
fig. 12-65) and six screws (6, fig. 
12-65). 

(7) Attach a hoist to the lifting brackets 
and lift cylinder head uniformly from 
the studs. Place cylinder head on its 
side and remove engine rear lifting 
bracket (21, fig. 12-60) and front 
lifting bracket (3, fig. 12-65) from 
cylinder head. Install cylinder head 
on blocks to prevent damage to in- 
jector tubes and cam followers. 

(8) Remove four cylinder head com- 
pression gaskets (8, fig. 12-65), and 
seal rings (9, 10, and 11) from block. 


c. Disassembly. 

(1) Remove eight screws (20, fig. 12-6 
and lockwashers (21) and remo 
four cam follower guides (22) frc 
bottom of cylinder head. 

(2) Pull twelve cam followers (19, f: 
12-64) from bottom of cylinder he£ 

(3) Remove twelve push rods (18, f: 
12-64), locknuts (13), l)ush r 
springs (16) and spring seats ( 
and 17) from cylinder head. Remo 
twelve retaining rings (14) from t 
of cylinder head. 

(4) Compress the valve springs and i 
move eight tapered locks (23, fi 
12-64) from exhaust valve stems. E 
move eight spring caps (24), val 
springs (25), s'pring seats (26), a: 
exhaust valves (27) from cylind 
head. 

Note. Number each exhaust valve bef< 
removal to install valve in same place 
reassembly. 

(5) If valve guides (29, fig. 12-64) i 
quire replacement, drive valve guid 
from cylinder head, using a suital 
tool. 

(6) If valve seat inserts (28, fig. 12-6 
require replacement, remove val 
seat inserts in the manner illustrat 
on figure 12-66. 

(a) Place collet (5, fig. 12-66) insi 
the valve seat insert (6, fig. 12-6 
so that bottom of collet is flu 
with bottom of insert. 
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1 

Screw, cap, hex-head, 7/16-14 X 1 1/2 in. (4) 

14 

Cover 

2 

Washer, lock, 7/16 in. (4) 

15 

Gasket 

3 

Engine front lifting bracket 

16 

Water nozzle (single outlet) (4) 

4 

Gasket 

17 

Water nozzle (double outlet) (6) 

5 

Nut (4) 

18 

Pipe plug 

6 

Screw, cap, hex-head (6) 

19 

Pipe plug (9) 

7 

Cylinder head 

20 

Pipe plug (6) 

8 

Compression gasket (4) 

21 

Pipe plug (3) 

9 

Seal ring 

22 

Pipe plug (4) 

10 

Water hole seal, ring (6) 

23 

Exhaust manifold stud (8) 

11 

End water hole seal ring (2) 

24 

Water manifold stud (8) 

12 

Screw, 1/4-20 X 1/2 in. (2) 

25 

Injector tube (4) 

13 

Washer, lock, 1/4 in. (2) 

26 

Seal ring (4) 


Figure 12-65, Cylinder head, exploded view. 



(b) Hold the collet handle and turn the 
handle (4, fig. 12-66) to expand 
the collet cone until the insert is 
held securely by the cone. 

(c) Insert driver (2, fig. 12-66) 
through exhaust valve guide and in 
contact with collet. 


(d) Tap driver sharply once or twice 
move insert away from seat in cy] 
der head. 

(e) Loosen collet with handle and 
cone into insert slightly to 
narrow flange on collet below 
sert. 


S "ft 
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if) Tig'hJten handle and continue to 
drive insert fro'm cylinder head. 

(7) If replacement of injector tube (25, 
fig. 12-65) is required, drive injector 
tube from cylinder head, using a suit- 
able tool. Remove seal ring (26) from 
cylinder head. 

d. Cleaning. Clean the cylinder head with 
steam. Clean all scale from water passages. Re- 
move water nozzles (16 and 17) if they have 
scale accumulations. If p jssible, immerse cylin- 
der head in a solution of inhibited commercial 
pickling acid to remove all scale. Rinse the 
'head in clear hot water to remove the acid 


solution and place head in an alkaline bath to 
neutralize the acid. Wash head in clean hot 
water or steam clean head. Dry head throughly 
with compressed air. 

e. Inspection and Repair. 

(1) Using a straight edge and a feeler 
gage, check bottom face of cylinder 
head for warpage. Check for trans- 
verse (cross ways) warpage at each 
end and between cylinders. Check 
longitudinal warpage at each side and 
between each set of holes. Maximum 
allowable transverse warpage is 0.008 
inch and longitudinal warpage, 0.004 



5 

6 
7 
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1 

2 

3 

4 

5 

6 
7 


Exhaust valve guide 

Driver 

Screw head 

Handle 

Collet 

Valve seat insert 
Cylinder head 


Figure 12-66. Removing valve seat insert. 
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inch. If cylinder head is warped be- 
yond these limits, reface, cylinder 
head, if possible. Replace cylinder 
head if it can not be refaced. 

(2) Check cylinder head for leaks by seal- 
ing all water holes with steel plates 
and rubber gaskets. Install dummy or 
scrap injectors in tubes to insure seat- 
ing of tubes. Tighten injector clamp 
screws to 20 to 25 foot pounds. Drill 
and tap one of the water hole cover 
plates for an air hose connection and 
apply 80 to 100 psi air pressure. Im- 
merse head in a tank of water heated 
to 180° to 200°F. Keep head in water 
for approximately fifteen minutes. 
Check for air bubbles at injector 
tubes, oil gallery, stud holes, and the 
head itself. Replace head if leaks are 
evident. 

(3) Inspect cam follower bores for scoring 
and wear. Remove light scores with 
crocus cloth dipped in fuel oil. Inside 
diameter must be from a minimum of 
1.062 inches to a maximum of 1.065 
inches. If cam follower clearance ex- 
ceeds 0.006 inch, replace cylinder 
head. 

(4) . Check valve seat insert counterbores 

in cylinder head. Diameter of counter- 
bore should be 1.626 to 1.627 inches 
and depth of counterbore should be 
0.3705 to 0.3845 inch. Counterbores 
must be concentric with valve guides 
within 0.003 inch total indicator read- 
ing. 

(5) If cylinder head water nozzles are 
loose or plugged, replace nozzles. 

(6) Check all parts against tolerances 
listed in Table 1-1. Replace all parts 
not conforming to repair and rebuild 
standards. 

f. Reassembly. 

(1) Injector tube. 

(a) If injector tubes were removed from 
head, install new seal ring (26, fig. 
12-65) and injector tube (25) 
using a suitable tool as shown in 
figure 12-67, to drive tube in place. 


Flange on tube will seat on se 
ring when properly positioned. 

(b) Turn cylinder head bottom side \ 
and upset or flare the lower ei 
of the tube using a suitable flarii 
tool as illustrated in figure 12-6 

(c) After installing injector tube, rea 
injector tube with a suitable to 
to receive the injector body nut ai 
spray tip illustrated in figu 
12-69. 

Note. Ream carefully. Do not use und 
force. Rotate reamer in a clockwise dirt 
tion only, both when inserting and wii 
drawing the reamer. Remove at intervs 
to remove chips. Use a light cutting 
(OL) to aid in reaming tube. 

(d) After reaming a bore, clean o 
all chips. Remove excess stock fro 
lower flared end of tube until tul 
is flush with or to 0.005 inch belo 
surface of head. 

{e) Ream the bevel seat in injector tul 
• to provide a smooth and true se 
for the injector nut as illustrat( 
on figure 12-70. 

(/) Before reaming as illustrated 
figure 12-70, install injector 
tube and tighten tube clamp sere 
'to 20 to 25 foot pounds. Check be 
tom of cylinder head to find rel 
tionship between shoulder of spPi 
tip and face of cylinder head as 
lustrated on figure 12-71. Number 
face and shoulder of tip should 1 
flush to 0.015 inch recessed belo 
surface of cylinder head. This w 
determine amount of stock to r 
move in reaming operation illustr 
ted on figure 12-70. Remove ream 
at intervals to check amount 
stock removed. 

(2) Install exhaust valve guides and i 
sert. 

(а) Place cylinder head, bottom si' 
down, on blocks to protect face. 

(б) Start valve guide (29, fig. 12-6' 
squareily in bore of cylinder hea 
Using a suitable tool, drive val 
guide into cylinder head. 
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Figure 12-67, Iinstalling injector tube. 


(c) Drive guide into head until top of 
guide protrudes 1-19/32 inch 
above top of head. 

(d) Refer to paragraph 12-33 to install 
and grind valve seat inserts. 

(3) Install valve operating mechanism. 

(a) Lubricate cam follower (19, fig. 
12-64) with engine oil (OE). 

(b) Install retaining ring (14) in cylin- 
der head. Assemble lower spring 
seat (17), spring (16), upper 
spring seat (15), and locknut (13) 
on push rod (18). Slide assembly 
into position from bottom of head. 


(c) Screw locknut down on push rod aj 
far as possible. Screw push rod inh 
rocker arm clevis until end of roc 
is flush with or above inner sid( 
of clevis. 

(d) Point oil hole in cam followe 
away from exhaust valves and in 
jectors and slide cam follower int< 
cylinder head. Install all can 
followers and push rods in thii 
manner. 

(e) Install cam follower guide (22 
fig. 12-64) and secure with tw' 
screws (20) and lockwasher 
(21). Check cam follower to mak 
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Figure 12-68. Flaring end of injector tube. 


sure clearance exists and that; 
follower moves freely in bore. 
Tighten guide screws to a torque 
of 12 to 15 foot pounds. 

(4) Install exhaust valve. 

(a) Install exhaust valves (27, fig. 12- 
64) in cylinder head from bottom 


and place a piece of tape over v; 
and head to hold valve in pi 
(bl Set head on blocks to protect f 
with top of cylinder head up. 
(c) Install valve springs (25, fig. 
64) and seats (26) on valve st 
Use a suitable valve spring c 



INJECTOR 

TUBE 
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REAMER 


Figure 12-69. Reaming injector tube for injector body nut and spray tip. 


pressor and compress valve spring. 
Install tapered lock (23) on stem 
of valve and remove tool. 
id) Refer to paragraph 12-33 and 
check valve and valve seat for prop- 
er relationship. 


(5) Install remaining parts. 

(a) Press water nozzles (16 and 17 
fig. 12-65) in nozzle openings ii 
bottom of head with nozzle open 
ings parallel to lonigitudinal cente; 
of head, and opening in singl 
nozzles toward center of engine 
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/ 




INJECTOR 

TUBE 


REAMER 


SEAT FOR 

injector 

NUT 


Figure 12-70. Reaming injector tube to seat injector nut. 


{h) Install oil plugs and studs in cylin- 
der head if necessary. Install lift- 
ing brackets on cylinder head 
g. Installation. 

(1), Install new seal rings (10 and 11, 
fig. 12-65) in counterbores of oil 
holes in cylinder block. 
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(2) Install new compression gaskets (8) 
on each cylinder liner. 

(3) Install new seal ring (9) in square 
groove around outer perimeter of 
cylinder block. 

(4) Check all mating surfaces for dirt or 
foreign matter and clean if necessary. 


CYLINDER 

HEAD 




SHOULDER OF 
SPRAY TIP 
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Figure 12-71. Checking relationship between spray tip and face of cylinder head. 


(5) Lift cylinder head, using a suitable 
hoist and lower cylinder head in po- 
sitlion to place on cylinder block. 

(6) Check to be sure all gaskets and seals 
are in place and lower cylinder head 
over studs and on cylinder block. 

(7) Loosen screws securing lifting 
brackets to cylinder head. 

(8) Secure cylinder head to block ^with 
nuts (5, fig. 12-65) and screws (6). 
Lubricate threads of screws and studs 
with engine oil (OE) before installa- 
tion. 

(9) The cylinder head must be gradually 
drawn down against gaskets and seals 
to insure a good seal. 


(10) Tighten nuts and screws hand tig 
in the sequence illustrated on figu 
12-72. 

(11) Tighten nuts and screws in the sai 
sequence with a socket wrench. 

(12) In the final tightening sequen( 
tighten nuts and screws with a torq 
wrench, one-half turn at a time, 
insure uniform compression of t 
gaskets, in the same sequence, 

(13) Tighten nuts to a torque of 175 
185 foot pounds. Tighten the sere'' 
to a torque of 175 to 185 foot pounc 
Tighten nuts and screws to the hi] 
side of the torque but do not exce 
the limits. 
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Figure 12-72. Cylinder head nut and screw tightening 
sequence. 

(14) Tighten two flywheel housing screws 
below engine lifting bracket. Install 
a new gasket (22, fig. 12-60) and 
secure lifting bracket to cylinder head 
and flywheel housing. Tighten screws 
to a torque of 55 to 60 foot ^pounds. 
Tighten upper right screw into cylin- 
der head first, then tighten lower left 
screw into flywheel housing. Tighten 
upper left screw and bwer right screw 
in that order. 

(15) Install a new gasket (4, fig. 12-65) 
and install front lifting bracket (3) 
on cylinder head and balance weight 
cover. Secure with four screws (1) 
and lockwashers (2X. Tighten screws 
to a torque of 55 to 60 foot pounds. 

(16) Refer to the following paragraphs and 
install the following parts. 

(a) Paragraph 12-20, injector control 
tube 

(b) Paragraph 12-31, rocker arms 

(c) Paragraph 12-17, fuel injectors and 
rocker coyer 

(d) Paragraph 12-19, governor 

(e) Paragraph 12-18, throttle linkage 

(f) Paragraph 12-15, fuel filter and 
bracket 

(g) Paragraph 12-12, water manifold 

(h) Paragraph 12-8, exhaust manifold 

12-33. Exhaust Valves 

a. General. Two exhaust valves serve each 
cylinder. The valves are timed to open and 
allow the burned gases to be expelled from 


the cylinder. The heat treated valves are ope 
under pressure of the rocker arms and 
closed by action of the valve springs when 
pressure is released. Lubrication for the v 
ends is supplied by excess oil from the ro< 
arms. The valves are cooled by the flov 
air from the blower each time the air i 
ports are open. 

b. Removal. Refer to paragraph 12-32 
remove exhaust valves and springs. 

c. Cleaning. Scrape carbon from the v 
■stems and wash in clean fuel oil. Clean 
exhaust valve guides with a wire brush to 
move carbon deposits. 

d. Inspection and Repair. 

(1) Inspect valve guides (29, fig. 12- 
for fractures, scoring, or exces 
wear. Replace valve guides (para 
32) if worn, fractured, or scored 

(2) Inspect valves (27, fig. 12-64) 
scratches and scuff marks on st( 
Replace valves if badly scratchec 
scuffed. 

(3) Inspect valve faces for pitting, rid 
or cracks and for carbon on faci 
valve. Reface or replace pitted 
poor seating valves. 

(4) Check valve heads to be sure they 
square with the stem and not war 
Replace warped valves. 

(5) Check valve stem clearance in v 
guide. This clearance should noi 
less than 0.002 inch to 0.006 incl 
clearance exceeds these limits, 
place valve guides (para 12-32) 

(6) Inspect valve springs (25, fig. 
64) for cracks or broken condil 
Springs should have a free lengtl 
2 3/8 inches and require a loac 
142.5 to 150.5 pounds to comp 
spring to 14 9/64 inches. Rep 
spring when 135 pounds will c 
press spring to this length. 

(7) Inspect spring seats (24 and 26, 
12-64) and locks (23) for wear 
damage. Replace damaged parts. 

(8) Inspect valve seat inserts (28, 
12-64^ in cylinder head for exces 
wear, pitting, cracking, and impn 
angle. Replace insert if badly w 


VC*i.VC dCdt 

inserts, if possible. Refer to para- 
graph 12-32 to remove inserts. 

(9) If new valve seat is to be installed, 
proceed as follows. 

(a) Place cylinder head in water heated 
to a temperature of 185° to 200 °F 
for at least 30 minutes. 

(b) Remove cylinder head and place on 
bench bottom side up. Locate in- 


sert squarely m counterbore, sea 
ing face up. 

Note, Install inserts in head while he 
is still hot and inserts at room temper 
ture. Inserts are to be installed at a pre 
fit of O.OOS to 0.00'2(5 tig-ht in the cylind 
head. 

(c) Drive inserts into head with a sui 
able tool as shown in figure 12-7: 

(d) Check angle of valve seat on ii 
sert, angle should be 30° as show 
on figure 12-74. 



Figure 12-73, Installing valve seat insert. 
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Figure Valve and valve seat angles and relationship to cylinder. 


(e) If angle is not correct, reface ex- 
haust valve angle with an eccentric 
grinder. Angle must be correct, 
clean, and have no pit or score 
marks. 

(/) Grind valve seat with a 30^ grind- 
ing wheel. Open throat of insert 
with a 60° grinding wheel. Grind 
top surface of insert with a 15° 
grinding wheel to establish width 
of seat to 1/16 to 1/32 inch. Ad- 
just 30° face of insert, relative to 
the center of the valve face, with 
15° and 60° grinding wheels. 

Note. Do not contact cylinder head with 
grinding wheels when grinding insert. 

(g) Maximum allowable limits that the 
valve can protrude abo've and 
recede below cylinder head when 

vnlvo 1C plncorl a -ro chmurn -Pimivo 


12-74. If grinding operations ] 
duce valve or valve seat ins« 
thickness so that valve recedes I 
yond these limits, replace val 
seat insert and/or valve. 

{h) After grinding, clean inse 
thoroughly with fuel oil and bl( 
dry with compressed air. Check cc 
centricity with a dial indicator 
illustrated on figure 12-75. Toi 
runout should not exceed 0.0 
inch. If runout exceeds this, che 
for bent valve guide before ] 
grinding the insert. If valve S6 
insert is within desired limits che 
contact surface of valve. 

(i) Apply a light coat of Prussian bl 
to valve seat insert. Lower stem 
valve into valve guide and boun 

^ r\.4’ 4'i-v 4*Vi 
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This will show area of contact be- 
tween valve and insert. Most desir- 
able contact area is in center of 
valve face. 

(j) Dress valve and/or valve seat to 
obtain the proper seat angle as 
illustrated on figure 12-74. 

(k) After grinding and checking, clean 
cylinder head thoroughly. 


(10) Check all parts ag-ainst toleranc 
listed in Table 1-1. Replace all pa: 
not conforming to repair and rebu 
standards. 

e. Installation. 

(1) Refer to paragraph 12-32 and inst 
the exhaust valves, springs, seats, a: 
locks. 
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{Z) Keier to paragrapn aiiu per- 

form the final engine tuneup pro- 
cedures. 

2-34. Cam Followers 

a. General. The cam followers are operated 
)y the camshaft lobes. As the lobes contact 
.he followers and lift them, the push rods 
use through the cylinder head. As the push 
•ods rise they lift the outer end of the rocker 
irms. The rocker arms pivot on the rocker arm 
haft and depress the exhaust valve stems or 
he injector follower. These motions open the 
jxhaust valve ports to allow purging of the 
lylinder, or, when the injector follower is de- 
pressed, inject fuel into the cylinder. The 
hllowers incorporate a roller which is in con- 
;act with the camshaft to allow as little inter- 
ference to camshaft and follower motion as 
possible. 

h. Removal. Refer to paragraph 12-32 and 
•emove cylinder head from the engine and re- 
nove cam followers from the cylinder head. 

c. Cleaning. Clean all parts with fuel oil 
md dry with compressed air. 

d. Inspection and Repair. 

(1) Inspect push rods (18, fig. 12-64) 
and spring seats (15 and 17) for wear 
and damage. Replace rods and seats 
if worn or damaged. 

(2) Inspect push rod springs (16, fig. 12- 
64) for cracked or weak condition. 
Springs should have a free length of 
2 5/8 inches. Replace the spring when 
a load less than 172 pounds will 
compress spring to a length of 2 
1/8 inches. 

(3) Inspect body of cam follower (19, 
fig. 12-64> for scores, nicks, and 
damage. Replace cam follower if body 
is nicked or damaged. 

(4) Check diameter of cam follower. 
Diameter should be 1.060 to 1.061 


and cylinder head bore should be 0.001 
to 0,006 inch. Replace cam follower 
if dimensions are not correct. 

(5) Check cam rollers for free rotation on 
pins and for flat spots and scuff 
marks. If roller has scuff marks or 
flat spots replace roller. Check cam 
roller wear and clearance as illustrat- 
ed on figure 12-76. Check diametric 
and total side clearance to dimensions 
shown. Replace roller if wear is evi- 
dent. 

(6) Remove and install cam follower 
roller as follows: 

(a) Place cam follower in a device with 
soft jaws or a suitable fixture with 
a spring loaded plunger. 

(h) Use a drift and drive roller pin 
(fig. 12-77) from cam follower 
body. 

(c) Remove roller (fig. 12-77) from 
follower. 

(d) Coat new roller bushing and pin 
with engine oil (OE).. Install roller 
(fig. 12-77) in cam follower body. 

(e) If fixture is used, install body on 
fixture with plunger centered in 
roller and body. Start roller pin 
(fig. 12-77) squarely in body and 
drive pin through body and roller 
until pin is centered in legs of body. 

(/) Check side clearance of roller as 
in figure 12-76. 

(7) Check all parts against tolerances 
listed in Table 1-1. Replace all parts 
not conforming to repair and rebuild 
standards. 

e. Installation. Refer to paragraph 12-32 
and install cam follower, push rod, and springs 
in cylinder head and install cylinder head on 
engine. 
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Figure 12-76. Checking cam roller wear and clea/rance. 
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Figure 12—77. Cam follower roller, removal and 
installation. 

Section IX. CAMSHAFT, BALANCE SHAFT, AND GEAR TRAIN 


12-35. General 

a. The camshaft and the balance shaft are 
located near the top of the cylinder block. The 
camshaft actuates the valve and operating 
mechanism. The cams on the camshaft are 
accurately ground to insure efficient, quiet, cam 
follower action. Heat treatment of the cams pro- 
vides a hard wear surface. 

h. The ends of the camshaft and balance 
shaft are supported by bearing assemblies. In- 


termediate two piece bearings support the cam- 
shaft at intervals along its length. These bear- 
ings are secured to the camshaft by lock rings 
to allow installation with the camshaft. The 
bearings are secured in place, after installation 
of the camshaft, with lockscrews threaded into 
counterbored holes in the top of the cylinder 
block. 

c. Both shafts have thrust washers to absorb 
the thrust load. Drive gears are secured to the 
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shaft with keys, nuts, nut retainers, and screws. 
A solid weight is installed on the front end of 
each shaft for balance. 

d. The shafts are lubricated with oil under 
pressure from the cylinder block oil passages. 
The intermediate bearings are lubricated with 
oil from end bearings which passes through a 
drilled passage in the shaft. 

1 2-36. Balance Weight Cover and 
Balance Weights 

a. General. The balance weight cover en- 
closes the front balance weights and supports 
the fan bracket. The balance weight cover must 
be removed to service camshaft, balance shaft, 
or front balance weights. 

h. Removal 

(1) Refer to paragraphs 12-10 and 12- 
11 and remove the radiator and fan 
from the engine. 

(2) Refer to figure 12-78 and remove the 
front balance weight cover and gasket. 
Discard gasket. 

(3) Place a block of wood between the 
two balance weights as illustrated on 
figure 12-79 and remove nuts, lock- 
washers and balance weights. 

c. Cleaning. Clean all parts with fuel oil 
and dry thoroughly. 

d. Inspection and Repair. 

(1) Inspect cover for cracks and other 
damage. Replace cover if cracked or 
damaged. 

('2) Inspect balance weight for damJage and 
wear on thrust surface (side facing 
shaft thrust washers) . Replace balance 
weights if damaged or worn. Weights 
must be replaced as a set to maintain 
engine balance. 

e. Installation. 

(1) Apply a coating of grease (GAA) to 
thrust washers on shafts. 

(2) Install weights and keys on shafts and 
install a block of wood between 
weights as illustrated on figure 12- 
79. 

(3) Install lockwashers and nuts on 
shafts and tighten nuts to a torque of 
300 to 325 foot pounds. 


(4) Refer to figure 12-78 and install the 
balance weight cover. Tighten screws 
finger tight. Tighten all screws to a 
torque of 25 to 30 foot pounds. 
Tighten screws in a sequence starting 
at the screw marked A on figure 12- 
78 and continuing across the top in a 
clockwise direction, down the right 
side, across the bottom and up to the 
screw marked B. Tighten all screws 
snug, then tight, and then torque 
screws to the final torque. 

(5) Refer to paragraphs 12-10 and 12-11 
and install the radiator and the fan 
on the engine. 

12-37. Camshaft, Balance Shaft, and 
Gears 

a. General. 

( 1 ) The camshaft and balance shaft gears, 
located on the flywheel end of the 
engine (fig. 12-80) are in mesh with 
each other and run at the same speed 
as the crankshaft; The two upper 
gears (fig. 12-80) are the camshaft 
gear and balance shaft gear. The 
balancer gear is driven by the idler 
gear (fig. 12-80) and, in turn, drives 
the camshaft gear. 

(2) The idler gear also drives the blower 
drive gear (fig. 12-80) and is driven 
by the crankshaft gear. The camshaft 
and balance gears must be in time 
with each other, therefore they have 
marked teeth (0 markings, see fig. 
12-80) ■ which must mesh with each 
other. They must also be in time with 
the crankshaft gear (fig. 12-80). 
Timing marks (R and A, fig. 12-80) 
are placed on the crankshaft gear in 
two places, with a corresponding R 
on the idler gear (fig. 12-80). The 
R on each gear must be in mesh, as 
well as the teeth marked R on the 
idler gear and balance shaft gear. The 
A on the crankshaft gear alined with 
the R on the idler gear indicates ad- 
vanced timing. Before disassembly, 
note whether standard or advanced 
timing is used. 
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NOTE: REMOVE TWO SCREWS 
SECURING TRUNNION 
SUPPORT TO BOTTOM 
OF BALANCE WEIGHT 
COVER. 


1 Screw, cap, hex-head, 3/8-24 

X 3 In. (9 rqr) 

2 Screw, cap, hex- head, 3/8-24 

X 3-1/4 In. (2 rqr) 

3 Screw, cap, hex- head, 3/8-24 

X 1-7/8 In. (3 rqr) 

4 Screw, cap, hex- head, 3/8-24 

X 3-1/2 in. 

5 Screw, cap, hex- head, 3/8-24 

X 2-1/4 in. 


6 Washer, lock, 3/8 in. 

(15 rqr) 

7 Washer, flat, 3/8 in. 

(15 rqr) 

8 Balance weight cover 

9 Cover gasket 

10 Nut (2 rqr) 

11 Washer, lock (2 rqr) 

12 Balance weight (2 rqr) 

13 Key (2 rqr) 
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Figure 12-78. Balance weight covei', removal and installation. 


(3) The camshaft and balance shaft gears 
are keyed to the shafts and are held 
against the shoulder on the shaft by 
a nut, secured by a retainer. A small 


balance weight is attached to the ii 
face of each gear. These weights 
important in maintaining eni 
balance. 
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Figure XS-79. Front balance weights, removal and inatallatUnu 


b. Removal. 

(1) Refer to paragTat)!! 2-31 and remove 
the engine from the motor grader. 

(2) Refer to paragraph 12-29 and remove 
the flywheel housing. 

(3) Refer to paragraph 12-32 and remove 
the cylinder head. 

(4) Refer to paragraph 12-36 and remove 
the front balance weight cover and 
balance weights. Remove thrust 
washers from behind weights. 

(5) p,emove three screws (2, fig. 12-81,) 
securing camshaft bearings to cylin- 
der block. 

(6) Remove eight screws (3, fig. 12-81) 
and two retaining plates (4) from 
face of gears. 


(7) Insert a socket wrench through th 
hole in the web of the camshaft gea 
and balancer gear and remove si 
screws (5, fig. 12-81) and loci 
washers (6) securing two shaft beai 
•dngs to the cylinder block. 

(8) Pull the camshaft and balance shai 
from the rear of the engine bloci 

(9) Remove idler gear (fig. 12-80) an 
spacer from end "plate by removin 
screw (1, fig. 12-82) and lOckwashe 
(2). Remove idler gear assembly froi 
end plate. Remove screw (10) and r< 
move idler gear spacer (fig. 12-80 
from end plate. 

c. Disassembly. 

(1) Install shaft in vise with soft jaw 
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(2) Remove nuts (8, fig. 12-81) from 
balance shaft and camshaft 

^ ^ similar 

to the puller illustrated in fig-ure 12- 


Pigure 12 - 80 . Flywheel end gear train. 
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83, remove gears (9 and 10) 
the shafts. Remove two keys 
(4) Remove four screws (12) and 
weierhts na'k 
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Thrust washer (2) 

12 

Screw, cap, hex-head, 3/8-24 X 1 8/8 in. (4) 

Screw, cap, hex-head, 1/4-28 X 45/64 in. (8) 

13 

Gear balance weight (2) 

Screw, cap, hex-head, 3/8-24 X 1 in. (8) 

14 

Shaft rear bearing (2) 

Retaining plate (2) 

16 

Retaining ring (6) 

Screw, cap, hex-head, 3/8-16 X 1 1/4 in. (8) 

16 

Intermediate bearing (3) 

Washer, lock, 3/8 in. (6) 

17 

Camshaft 

Thrust washer (2) 

18 

Balance shaft 

Shaft nut (2) 

19 

Plug (2) 

Balance shaft gear 

20 

Screw, cap, hex— head, 3/8-16 X 1 1/4 in. (6) 

Canusihaft gear 

21 

Washer, lock, 3/8 in. (6) 

Key (2) 

22 

Shaft front bearing 


Figure Camshaft and balance shaft, exploded view. 


(5) Remove six retaining rings (16) and 
remove six bearing halves (16) from 
camshaft. 

(6) Remove two plugs (19) from cam- 
shaft by drilling and tapping the 
plugs and removing plugs with a 
suitable slide hammer. 

(7) Remove six screws (20) and lock- 
washers (21) and remove two shaft 
front bearings (22) from cylinder 
block. 

(8) Remove six screws (3, fig. 12-82) 
and locks (4, fig. 12-82) and re- 
move retainer (5, fig. 12-82) from 
idler gear. 


(9) Press hub (6, fig. 12-82) and bear- 
ing (8, fig. 12-82) from bore of 
idler gear (9, fig. 12-82). 

d. Cleaning. Clean shafts and parts in fuel 
oil and dry thoroughly. Check and clean all 
foreign matter and carbon from camshaft oil 
passage. 

e. Inspection and Repair. 

(1) Inspect cams and journals on cam- 
shaft for wear and scoring. If cams 
or journals are badly scored or 
worn, replace camshaft. 

(2) Insi)ect faces of thrust washers. Re- 
place a badly scored or worn thrust 
washer. Clearance between thrust 
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X 2-1/2 in. 

2 Washer, lock, 1/2 in. 

3 Screw, cap, hex- head, 5/16-24 

X 1/2 in. (6 rqr) 

4 Bolt lock (3 rqr) 

5 Gear retainer 

6 Gear hub 


7 

8 
9 

10 


11 

12 

13 


Dowel pin 
Bearing 
Idler gear 

Screw, cap, hex- head, 1/2-13 
X 2-1/2 in. 

Washer, lock, 1/2 in. 

Spacer 
Dowel pin 
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Figure 12-82. Idler gear and spacer, exploded view. 


washers and shoulders on shaft should 
be 0.004 to 0.012 inch for new parts 
and a maximum of 0.018 inch for 
used parts. If required, grind thrust 
surface of shaft shoulders to provide 
clearance. Figure 12-84 illustrates 
fillet radius to be ground on the 
shafts. 

(3) Inspect thrust faces of shaft end bear- 
ings for scoring and wear. Remove 
light scores and scratches with a fine 
stone. Replace bearings if faces are 
badly marred or worn. 

(4) Inspect bushings in shaft end bear- 
ings for wear or evidence of looseness 


in bearing retainer. If bushings 
worn or loose replace end bearii 
Bushings must resist a 2000 po 
end load without turning. Inside di; 
eter of bushing must be squ 
with rear face of bearing retai 
within 0.0015 inch total indicj 
reading and concentric with out 
of retainer within 0.002 inch t 
indicator reading. Bushings must 1 
ject 0.045 to 0.0055 inch from e 
end of retainer. If dimensions are 
correct, replace end bearings. 

(5) Inspect intermediate bearings 
wear and scoring. Replace bearing 
badly worn or scored. 




PULLER 
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Figure 12-83. Removing camshaft or balance shaft gear. 


(6) Inspect lockscrews and holes for 
screws for damag'ed threads. Plug 
holes and retap if necessary. Replace 
screws if threads are damaged. 

(7) Inspect gear teeth on all gears for 
scoring, pitting, wear, and damage. 
Replace gears if teeth are pitted, worn 
or damaged. 

(8) Inspect idler gear bearing (8, fig. 12- 
82) for wear, rough spots, flat spots 
on rollers, and damage. Replace 
bearing if any of these conditions 
exist. 

(9) Check all parts against tolerances 
listed in Table 1-1. Replace all parts 
not conforming to repair and rebuild 
standards. 

/. Reassembly. 

(1) Support idler gear (9, fig. 12-82), 
shoulder down on an arbor press. 
Place bearing (8) in bore and press 
bearing into gear. 

(2) Install hub (6, fig. 12-82) in bore 
of bearing with oil hole in hub 180° 


from gap in bearing spacer ring 
Press hub into bearing until face o: 
hub which will contact bearing bloc! 
is flush with face of bearing. 

(3) Check preload of bearing as follows 

(a) Mount idler gear assembly oi 
engine. Install screw (1, fig. 12- 
82) and lockwasher (2) to secur 
idler gear to end plate. Tightei 
bolt to a torque of 80 to 90 foo 
pounds. 

(6.) Place a steel plate, drilled to fi 
hub holes, over hub and bearing 
Install three screws, S/8-16 x ! 
1/4, through plate and into hut 
Tighten screws to a torque of 2 
to 40 foot pounds. 

(c) Tie a piece of 1/8 inch cord aroun 
a 1/8 inch round piece of wooc 
Place wood between teeth of idle 
gear and wrap cord around gea 
several times. 

(d) Attach a spring scale to cord. Mail 
tain a steady pull 90° to the axi 
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Figure Camshaft and balance shaft journal fillets. 


of hub and note pull, in pounds, 
required to start gear rotating. 
Make several checks to get average 
reading. . Pull should register from 
1/2 pound minimum to 6 pounds, 
12 ounces maximum and should not 
fluctuate more than 2 pounds, 11 
ounces between readings. If pre- 
load cannot be properly set, replace 
bearing. 

(e) Remove plate from idler gear and 
remove screw (1, fig. 12-82) and 
remove idler gear from end plate. 

(4) Apply grease (GAA) to thrust bear- 
ings (1, fig. 12-81) and install 
washers and two shaft front bearings 
(22, fig. 12-81) on block and secure 
with six screws (20) and lockwashers 
(21). Tighten screws to a torque of 
35 to 40 foot pounds. 

(5) Press plugs (19, fig. 12-81) into ends 
of camshaft. 

(6) Lubricate six intermediate bearing 
halves (16, fig. 12-81) with engine 


oil (OE) and install bearings on 
shaft journals. Secure bearings 
six retaining rings (15, fig. 12- 
Install rings with gaps over i 
bearing and ends of rings an i 
distance above split line of bea 

(7) Install weights (13, fig. 12-81 
gears (9 and 10) and secure 
four screws (12). 

(8) Lubricate shafts (18 and 19, fig 
81) with engine oil (OE) and 
shaft rear bearings (14) on si 
with bearing flanges toward gea: 
of shaft. 

(9) Install woodruff keys (11, fig 
81) in shafts. Install gears (9 an^ 
on shafts over keys. 

Note. Balancer gear has right 
helical teeth and camshaft gear ha 
hand helical teeth. 

(10) Support shafts and drive geai 
shafts, using a suitable driver. 

(11) Install nuts (8, fig. 12-81) on s 
but do not tighten. 
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(1) Apply grease (GAA) to thrust 
washers (7, fig. 12-81) and install 
washers on ends of shafts with steel 
fans of washers towards end bearings. 

(2) Install camshaft through flywheel end 
plate on blower side of engine. Use 
care to prevent damage to camshaft 
lobes. Turn crankshaft to aline holes 
in intermediate bearings with holes in 
block. Install three screws (1, fig. 12- 
81) and tighten screws to a torque 
of i5 to 20 foot pounds. 

(3) Install balance shaft through end 
plate, aline timing marks (0 markings 
fig. 12-80) on gears and slide shafts 
into place. 

(4) Secure shaft rear bearings (14, fig 
12-81) with screws (5, fig. 12-81). 
Insert screws through gear openings 
and tighten screws to a torque of 35 
to 40 foot pounds. 

(5) Install front balance weights as de- 
scribed in paragraph 12-36. 

(6) Wedge a clean cloth between cam- 
shaft and balance shaft gears and 
tighten shaft nuts (8, fig. 12-81) on 
shafts to a torque of 300 to 326 
pounds. 

(7) Install retaining plates (4, fig. 12- 
81) on gears and secure with screws 
(3), Tighten screws to a torque of 
35 to 39 foot pounds. 

(8) Check clearance between thrust 
washers (7, fig. 12-81) and thrust 
shoulders on shaft. Clearance should 

Section X. CRANKSHAFT 

12-38. General 

a. The crankshaft is a one piece steel forging 
heat treated, and provided with complete static 
and dynamic balance through counterweights 
incorporated in the casting. Full pressure lu- 
brication is provided by drilled passages within 
the cranksihaft leading to lubricating' oil holes 
(fig. 12-85) in the journals. 

b. The crankshaft is supported by five main 
bearings retained by bearing caps secured to 
the engine block. Two oil seals, one in the 
flywheel housing and the other in the front 
cover, seal the crankshaft. 


and a maximum of 0.018 inch for use 
parts 

(9) Check backlash between camshai 
gear and balance shaft gear. Backlas 
should be 0.003 to 0.008 inch. 

(10) Install spacer (12, fig. 12-82) on en 
plate and secure with screw (10) an 
lockwasher (11). Tighten screw to . 
torque of 80 to 90 foot pounds. 

(11) Install idler gear assembly on en 
plate and aline R marks on gear teet] 
with R marked teeth on balancer shaf 
gear and crankshaft gear. As gear i 
installed, rotate gear to aline hollo\ 
dowel pin in hub with hole in en< 
plate. 

(12) With hub tight against end plat 
secure idler gear assembly with scre'v 
(1, fig. 12-82) and lockwasher (2) 
Tighten screw to a torque of 80 t 
90 foot pounds. 

(13) Lubricate idler gear and bearing liber 
ally with engine oil (OE). 

(14) Check backlash between idler gea: 
and balance shaft and crankshaf 
gears. Backlash should be 0.003 t 
0.008 inch. 

(15) Refer to paragraph 12-36 and instal 
the balanced weight cover. 

(16) Refer to paragraph 12-32 and instal 
the cylinder head. 

(17) Refer to paragraph 12-29 and instal 
the flywheel housing. 

(18) Refer to paragraph 12-31 and instal 
the engine in the motor grader. 

AND MAIN BEARINGS 

1 2—39. Crankshaft Front Cover 

a. Removal. 

(1) Refer to paragraph 2-31 and remov 
the engine from the motor gradei 

(2) Refer to paragraph 12-11 and re 
move fan and pulley. 

(3) Refer to figure 12-86 and remov 
the crankshaft pulley and front covei 

(a) Remove six screws (1, 2, and 3 
and lockwashers (4 and 5) and re 
move trunnion support (6). 
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Figure l$-85. Crankshaft and associated parts. 


(b) Remove screw (7) and retainer 
(8). Using a suitable puDer, re- 
move crankshaft pulley (9) from 
crankshaft. 

(c) Remove three screws (11) and lock- 
washers (12). Remove four screws 
(13 and 14) and lockwashers (15). 

(d) Strike front cover (16) with a soft 
hammer to free cover from dowels. 
Remove front cover. Remove and 
discard gasket (17). 

(e) Using a suitable tool press oil seal 
(18) from front cover. 

if) Remove oil seal spacer (19) and oil 
deflector (20) from crankshaft. 

b. Cleaning. Clean all parts in fuel oil and 
dry thoroughly. Clean all gasket material from 
front cover and block. 

c. Inspection and Repair. 

(1) Inspect oil seal for scored, cracked or 
charred surfaces. Inspect seal for 
evidence of leaking. Replace damaged 
or leaking seals. 

(2) Inspect front cover for damage, 
especially to oil seal surfaces. Re- 
place damaged cover. 


(3) Inspect crankshaft pulley for dam 
particularly in belt grooves. Rep 
pulley if damaged. 

d. Installation. 

(1) Refer to figure 12-86 and install 
crankshaft front cover. 

(а) Install deflector (20) -and sp 
(19) on crankshaft. 

(б) Using a suitable tool, press oil 
(18) into Iwre of front cover. 

(c) Install new gasket (17) on bl 
Coat lip of oil seal with gr 
(GAA) and install front covei 
engine. Tighten screws (11) i 
torque of 25 to > 30 foot pou 
Tighten screws (13 and 14) ' 
torque of 80 to 90 foot pou 
Tighten screws in sequence i 
trated on figure 12-87. 

(d) Install pulley (9, fig. 12-86) 
crankshaft over two keys (10) 
secure with retainer (8) and s( 
(7). Tighten screw to a torqu 
290 to 310 foot pounds. 
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1 Screw, cap, hex-head, 1/^13 X 1 1/2 in. (2) 

2 Screw, cap, hex-head, 1/2-12 X 1 1/4 in. (2) 

3 Screw, cap, hex-heS-d, 9/16 X 1 3/4 in. (2) 

4 Washer, lock, 1/2 in. (4) 

6 Washer, lock, 9/16 in. (2) 

6 Trunnion support 

7 Screw, cap, hex-head, 1-14 X 2 1/4 in. 

8 Pulley retainer 

9 Crankshaft pulley 
10 Key, woodruff (2) 
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11 Screw, cap, hex-head, 3/8 X 24 X 3/4 in. (3) 

12 Washer, lock, 3/8 in. 

13 Screw, cap, hex-head, 1/2-13 X 2 1/4 in. (2) 

14 Screw, cap, hex-head, 1/2-13 X 2 1/2 in. (2) 

16 Washer, lock, 1/2 in. (4) 

16 Crankshaft front cover 

17 Cover gasket 

18 Oil seal 

19 Oil seal spacer 

20 Oil deflector 


Figure lS-86. Crankshaft front cover, exploded view. 


(e) Install trunnion support (6) and 
secure with screws (1, 2, and ,3) 
and lockwashers (4 and 5). 

(2) Refer to paragraph 12-11 and install 
fan and pulley. 

(3) Refer to paragraph 2-31 and instaH 
engine in motor grader. 

12-40. Crankshaft and Main Bearings 

a. General. The crankshaft is supported by 
the main bearings and the two oil seals. The 
main bearing caps and lower shells and the 
connecting rods must be disconnected to remove 
the crankshaft. 

5. Removal. 

(1) Refer to paragraph 2-31 and remove 
the engine from the motor grader. 


(2) Refer to paragraph 12-29 and remove 
the flywheel housing. 

(3) Refer to paragraph 12-25 and remove 
the oil pan and oil pump. 

(4) Refer to paragraph 12-39 and remove 
' the crankshaft front cover. 

(5) Refer to figure 12-88 and remove 
main bearing caps and connecting rod 
caps from crankshaft. 

(6) Remove thrust washers from rear 
main bearing. 

(7) Using a suitable hoist and rope, lift 
crankshaft from engine. 

c. Disassembly. 

(1) Remove six screws (7, fig. 12-89) and 
lockwashers (8). 
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Figure 12-87. Front cover screw tightening sequence. 


(2) Using a suitable gear puller, pull 
crankshaft gear (9) from crank- 
shaft. 

(3) Use a suitable puller and pull oil 
pump drive gear (10) from crank- 
shaft. Remove key (11). 

(4) Remove four pipe plugs (12) from 
crankshaft. 

(5) If damaged, remove dowel pins (13) 
from crankshaft. 

(6) Remove main bearings (4) from bear- 
ing cap and cylinder block. 

d. Cleaning. Clean the crankshaft and oil 
passages in crankshaft with cleaning com- 
])ound, solvent (Spec. P-S-661) and dry 
thoroughly. 


Warning: The solvent is highly infl 
mable. Do not use solvent near an open fla 

e. Inspection and Repair. 

(1) Support crankshaft on front and ] 
journals in V blocks or in a h 
and check alinement of adjacent 
termediate' journals, using a dial 
dicator. 

(u) When runout on adjacent jour 
is in the opposite direction, the 
of the runout must not ex( 
0.003 inch total indicator read 

(b) When runout on adjacent jour 
is the same direction the differ 
must not exceed 0.003 inch tota' 
dicator reading. 

(c) Maximum runout (total indie 
reading) at number 2 and nun 
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INSTALL TWO 3/8-24 SCREWS 
IN BEARING CAP. USE TWO 
LEVERS AS SHOWN AND PRY 
CAP FROM CYLINDER BLOCK. 


MAIN 

bearing 


CRANKSHAFT 


REMOVE SCREWS (2) 


STEP 1 REMOVE TWO SCREWS AND LOCK 

WASHERS SECURING MAIN BEARING 

CAP. 

STEP 2. INSTALL TWO 3/8-24 SCREWS IN 
BEARING CAP. 

STEP 3 USE TWO LEVERS AND PRY MAIN 
bearing cap FROM CYLINDER 

STEP 4 REMOVE TWO COTTER PINS AND TWO 
NUTS SECURING CONNECTING ROD 
bearing CAP. 

STEP 5. REMOVE CONNECTING ROD BEARING 
CAP. 

STEP 6 REMOVE ALL FIVE MAIN BEARING 

CAPS AND FOUR CONNECTING ROD 

CAPS IN THE SAME MANNER. 
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Figure 12- 


-88. Main bearing caps and connecting rod bearing caps, removal. 
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1 Screw, cap, hex-head (10 rqr) 8 Washer, lock, 3/8 in. (6 rqr) 

2 Washer, lock, 5/8 in. (10 rqr) 9 Crankshaft par 

3 Main bearing cap (5 rqr) 10 Oil pump drive gear 

4 Main bearing (5 rqr) 11 Key 

5 Washer, thrust (4 rqr) 12 Pipe plug (4 rqr) 

6 Dowel pin (4 rqr) 13 Dowel pin (2 rqr) 

7 Screw, cap, hex-head (6 rqr) 14 Crankshaft 

MEC 3805-2^7-35/12-89' 


Figure 12-89. Crankshaft and main bearings, exploded view. 


4 journals must not exceed 0.002 
inch and at number 3 journal 
0.004 inch. 

(d) Replace cranfehaift if runout ex- 
ceeds limits listed above. 

(2) Measure main and connecting rod 
bearing journals. Measure journals at 
several places to determine if 
journal is out-of -round. 


{a) Taper on the journals oi a us 
shaft should not exceed 0.0 
inch and out-of-round should j] 
exceed 0.003 inch. Maximum tap 
on a new shaft is 0.0005 and c 
of round is 0.00025. 

(b) Replace crankshaft if taper and 01 
of-round exceeds these limits. 
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(3) Used chankshafts may have a ridge 
caused by groove in the upper main 
bearing shell. Check ridge and if 
ridge exceeds 0.0002 inch, remove 
ridge. Figure 12-90 shows a typical 
ridge. 

(а) Remove ridges with orocua cloth 
dampened with fuel oil. Rotate 
crankshaft frequently to prevent 
out-of-round -condition. 

(б) If ridge exceeds 0.0005 inch, use 
120 grit emery cloth and finish with 
240 grit emery cloth. 

(c) Ridges exceeding 0.001 inch may 
require regrinding the crankshaft. 

(4) Inspect surfaces of crankshaft for 
evidence of cracks. Use a magnetic 



Figure 12-90. Typical ridging of crankshaft. 


particle method or a magnaflux 
method if available. If neither method 
is available, use a strong light and a 
magnifying glass to check for cracks, 
especially at journal edges and oil 
holes. Replace crankshaft if cracked. 

(5) Inspect thrust surfaces on crankshaft 
for wear and roughness. Dress sur- 
faces with crocus cloth dipped in fuel 
oil to remove roughness, if possible. 
After installation, check end thrust 
clearance. Clearance should be 0.004 
to 0.011 inch for new parts and a 
maximum of 0.018 inch for used parts. 

(6) Inspect keyways for cracks and wear. 
Replace crankshaft if keyways are 
cracked or worn. 

(7) Inspect oil seal contact surfaces for 
wear or roughness. If ridges or 
roughness are evident, remove with 
crocus cloth or fine emery cloth. If 
badly damaged, replace crankshaft. 
An oil seal spacer can be installed to 
bring oil seal in contact with new sur- 
face on crankshaft. If shaft is not to 
badly worn, install a sleeve on shaft 
to contact oil seal. Seal sleeve and 
crankshaft with shellac or a sealer 
and press sleeve on shaft. Remove ex- 
cess sealer from shaft. 

(8) Inspect oil pump drive gear and crank- 
shaft gear for worn or chipped teeth 
and other damage. Replace gears if 
damaged. 

(9) Inspect main bearing halves for scor- 
ing, flaking, pitting, chipping and 
signs of overheating. Replace bear- 
ings if any of the above signs are 
present. 

Note, Replace all bearings if one or more 
require replacement. 

(10) Inspect back of bearing halves for 
bright spots. If spots are present, it 
indicates halves are moving and must 
be replaced. 

(11) Measure thickness of bearing halves 
as illustrated on figure 12-91. 

(a) Use a micrometer with a steel 
ball attachment if possible. 
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(6) Minimum thickness should be 
0.153 inch. If less than this, replace 
all bearing halves. 

(c) New bearing halves should be 
0.1548 to 0.1554 inch thick. 

(12) Measure outside diameter of crank- 
shaft journal. Install upper half of 
main bearing in cylinder block. In- 
stall lower half and main bearing 
cap on block. Install screws and 
tighten to torque of 180 to 190 foot 
pounds. Measure inside diameter of 
bearing halves. Clearance must not 
exceed 0.006 inch. If clearance is in 
excess of 0.006 inch on any one bear- 
ing, replace all bearings. 

(13) Bearing halves, when in place, have 
a 0.001 inch larger diameter at the 
parting line than at 90° to the part- 
ing line as illustrated in figure 12- 
92. The halves do not form a true 
circle. 

(14) The halves have a squeeze fit on the 
main bearing bore and must be tigh 
when cap is torqued on. 

(15) Thrust washers, located at rear main 
bearing, consist of two pieces. Check 
thrust washers for wear, scoring, and 
damage. Replace washers if worn or 
damaged. 

(16) Inspect main bearing caps for cracks, 
scoring or damage. Replace cap if 
cracked or damaged. 

(17) Check all parts against tolerances 
listed in Table 1-1. Replace all parts 
not conforming to repair and rebuild 
standards. 

f. Reassembly. 

(1) Install main bearing upper halves 
(4, fig. 12-89) in cylinder block. 

Note. Upper halves are grcxyved and 
drilled for lubrication. 

(2) Install crankshaft gear (9) on crank- 
shaft and secure with six screws (7) 
and lockwashers (8). Tighten screws 
to a torque of 35 to 39 foot pounds. 

(3) Install key (11) in crankshaft and 
press oil pump drive gear (10) on 
crankshaft. Install gear on crank- 
shaft with chamfer on gear hub 
toward main bearing journal. Press 
gear tight against shoulder on shaft. 


g. Installation. 

(1) Using a suitable hoiist if necessary ai 
raise crankshaft and install in bea 
ings in cylinder block. Aline timir 
marks on crankshaft gear with tee1 
on idler gear (fig. 12-80). Refer ‘ 
note made at tiuip of disassembly ‘ 
determine if teeth are to be alin( 
with R or A on crankshaft gear. 

(2) Install main bearing caps (3) and i: 
stall caps on cylinder block. Plat 
thrust washers (5) in with rear maj 
bearing and over dowels on bearir 
cap, and install cap as illustrated c 
figure 12-93. 

Note. Main bearing caps are numbert 
Install caps in correct position. 

(3) Lubricate the threads on screws (J 
(fig. 12-89) with engine oil (OE 
and screw head contact areas on bea 
ing caps and install screws and loci 
washers. Tighten screws up snu 
Rap bearing cap sharply to seat ca 
Tighten screws to a torque of 180 ■ 
190 foot pounds. 

Note. If bearings have been install 
properly, crankshaft will turn freely. 

(4) Check crankshaft end play. Install 
dial indicator on cylinder block ai 
pry crankshaft toward the indicate 
Keep constant pressure on tool ai 
set indicator at zero. Force cranksha 
in opposite direction and note readii 
on indicator. End play must be with 
0.004 to 0.011 inch for new parts ai 
not more than 0.018 inch with us( 
parts. If end play exceed these dime 
sions, check alinement of rear ma 
bearing. Loosen and retighten rei 
main bearing if necessary and che( 
end play. 

(5) Install connecting rod bearing (pa: 
12-42) and tighten nuts to a torqi 
of 65 to 75 foot pounds. 

(6) Refer to paragraph 12-39 and insb 
crankshaft front cover. 

(7) Refer to paragraph 12-25 and insti 
the oil pump. 

(8) Aline teeth on oil pump drive ge 
on crankshaft with idler gear ( 
pump. Check clearance between tee 
with a feeler gage as illustrated i 



isi 
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figure 12-94. Proper clearance is 
0.005 to 0.012 inch. Remove or re- 
place shims under pump mounting 
pads to obtain this clearance. Always 
tighten pump mounting screws before 
checking clearance. 


(9) Refer to paragraph 12-24 and insta 
the oil pan. 

(10) Refer to paragraph 12-29 and insta 
the flywheel housing. 

(11) Refer to paragraph 2-31 and insta 
the engine on the motor grader. 



^ FREE DIAMETER 
B INSTALLED DIAMETER 
C BEARING THICKNESS 
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Figure 12-92, Diameters of main hewring halves. 




REAR MAIN 
BEARING CAP 
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THRUST 

WASHERS 


Figure 12—93, Installing rear main bea/ring cap and thrust washers. 





Section XI. CONNECTING RODS AND PISTONS 


12-41. General 

a. The pistons are constructed of malleable 
iron and are plated with tin to reduce scuffing 
and prolong piston life. The top of the piston 
forms the combustion chamber and is so de- 
signed to compress the air into close proxim- 
ity of the fuel spray. Cooling for the piston 
is supplied by a spray of oil directed at the 
underside of the piston head from a nozzle in 
the top of the connecting rod. Fresh air from 
the blower also serves to cool the piston as 
does the coolant in the jacket around the cylin- 
der. 

h. The piston pin rides in two bushings 
pressed into the piston bore. Steel retainers 
seal the pin bores preventing oil from the pis- 
ton cooling from entering the cylinder. Each 
piston is equipped with four compression rings 
and two oil control rings. 

c. The connecting rods are forged to an I 
section with a closed hub at the upper end and 
a bearing cap at the lower end. Helical grooved 
bushings are pressed in the connecting rod at 
the upper end. An opening between the bush- 
ings carries oil to the piston pin and to the 
nozzle at the top of the connecting rod. 

12-42. Connecting Rods 

а. General. The connecting rods provide the 
connection between the pistons and the crank- 
shaft. Force of the explosion drives the piston 
down and with it the connecting rod. The rod 
is offset on the crankshaft journal and its force 
turns the crankshaft in a circular motion. 

б. Removal. 

(1) Refer to paragraph 2-31 and remove 
the engine from the motor grader. 

(2) Refer to paragraph 12-32 and remove 
the cylinder head. 

(3) Refer to paragraph 12-25 and remove 
the oil pan and oil pump. 

(4) Remove carbon deposits from the 
upper inner surface of the cylinder 
liner. 


(5) Use a ridge cutter to remove any rid; 
in the cylinder liner at the top 
piston ring travel. 

Note. Turn crankshaft to move piston 
bottom limits of travel. Place a cloth 
top of piston to collect cuttings. When rid 
is removed, turn crankshaft to bring pist 
to top of travel and remove cloth and ci 
tings from cylinder. 

(6) Refer to figure 12-88 and remo^ 
bearing cap from connecting rod. 

(7) Push piston and connecting rod o 
through top of cylinder block. 

c. Disassembly. 

(1) Place connecting rod in a vice wil 
soft jaws. 

(2) Punch a hole in center of one of tl 
piston pin retainers (7, fig. 12-95 
Use a narrow chisel or sharp tool ai 
pry retainer from piston. 

(3) Remove piston pin (8) frbm piste 
and remove connecting rod (11). 

(4) Clamp the upper end of the connec 
ing rod in a vise or suitable fixtur 
Using a driver, drive two bushinj 
(9) from connecting rod. 

(6) Using a tool inserted inside of co] 
meeting rod and extending up to sp'rtg 
nozzle, press down on connecting re 
and drive spray nozzle (10) from ei 
of rod. 

(6) Remove upper and lower bearir 
halves (6 and 5) from rod and ca 

d. Gleaming. Clean connecting rod parts ; 
fuel oil and dry with compressed air. 

e. Ins'pection and Repair. 

(1) Inspect connecting rod for cracl 
using magnetic particle or magnaflu 
If these are not available, use a stroi 
light and a magnifying glass. If r( 
is cracked, replace rod. 

(2) Inspect oil passage in rod for dirt < 
foreign material. Clean passage wt 
a wire probe and blow out with cor 
pressed ain. 

(3) Clean holes in spray nozzle with 
wire. Replace nozzle if damaged. 

(4) Inspect bushings for wear and dai 
age. Replace worn or damaged bus 
ings, or bushings that have worki 


12-1 


12 



Figure 12-95. Connecting rod and piston, exploded view. 
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1 Pin,, cotter, 3/82 X 8/4 in. (8) 

2 Nut (8) 

8 Screw, cap, hex-head, 7/16-20 X 8.i 
4 Bearing cap (4) 

6 Bearing half, lower (4) 

6 Bearihg half, upper (4) 

7 Piston pin retainer (8) 

8 Piston pin (4) 


9 Bushing (8) 

10 Spray nozzle (4) 
in. (8) 11 Connecting rod (4) 

12 Compression ring (16) 

13 Oil ring (8) 

14 Bushing (8) 

16 Piston (4) 


Figure 12-95 — Continued. 


loose in the rod. Bushings should 
have an inside diameter of 1.5016 to 
1.5020 inches. 

(6) Inspect piston pin for wear and dam- 
age. Measure diameter of pin. Pin 
should measure 1.4996 to 1.5000 
inches in diameter. Replace worn or 
damaged pins. 

(6) Clearance between pin and bushing 
should be 0.0015 to 0.0024 inch for 
new parts, 

(7) Inspect bearing h^es for cracks, 
chipping, and signs of overheating. 
Inspect backs for bright spots or evi- 
dence of shifting. Use a micrometer 
to measure thickness of bearing 
halves. Bearing halves should be a 
minimum of 0.153 inch thick. Replace 
bearing halves if any of these con- 
ditions exist. Replace both halves if 
one must be replaced. 

(8) Inspect bearing cap for cracks and 
damage. Replace cap if cracked or 
damaged. 

(9) Check all parts tolerances listed in 
Table 1-1. Replace all parts not con- 
forming to repair and rebuild stand- 
ards. 

/. Reassembly. 

(1) If remove, press spray nozzle (10, fig. 
12-95) in top of rod. Use a 3/8 inch 
inside diameter sleeve over spray noz- 
zle to press nozzle in. Set nozzle in 
with spray holes positioned as illus- 
trated on figure 12-96. 

(2) Press bushings (9) into end of con- 
necting rod, one from each side. End 
of bushings should be flush with out^ 
side of connecting rod and division 
between bushings in line with spray 


SPRAY 

NOi:ZLE 




Figure 12-96. Installing spray nozzle. 

Note. Bushing joint must be toward top 
of connecting rod. 

(3) Ream bushings to an inside diameter 
of 1.5015 to 1.6020 inches to pro- 
vide a clearance of 0.0015 to 0.0024 
inch with a hew piston pin. 

(4) Install piston in a suitable fixture. 
Install a new piston pin retainer (7) 
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using a suitable tool, tap retainer in 
place in piston. 

(5) Install connecting rod inside of piston 
with end of rod in line with holes. 
Install piston pin (8) through piston 
and rod. Install other piston pin re- 
tainer (7) in piston. Pin should be 
loose in bushings. 

(6) Check retainers for leakage by plac- 
ing piston and connecting rod upside 
down on bench. 

(a) Fill interior of piston with fuel oil 
to level above, piston pin bosses. 
Wipe area around retainers dry of 
odl. 

(b) Let piston set for fifteen minutes. 

(c) Check area around retainers for 
evidence of oil seepage. If oil leaks, 
replace retainers. 

(d) Empty fuel oil from piston and lu- 
bricate piston pin with engine oil 
(OE). 

ff. Installation. 

( 1 ) Rotate crankshaft to bring connecting 
rod journal for the cylinder to 
bottom of travel Wipe journal clean 
and lubricate with engine oil (OE). 

(2) Lower connecting rod through cylin- 
der liner and down through the liner. 

Note. J^umbers on side of connecting rod 
and cap identify the cylinder and must face 
same side as match mark on liner. Number 
face blower side of engine. 

(3) Stagger the piston ring gaps on piston 
and install piston ring compressor 
over piston and rings. 

(4) Slide piston down into cylinder liner 
and remove ring compressor. 

(5) Install upper bearing half (6, fig. 
12-95) in connecting rod. Lubricate 
bearing half with engine oil (OE). 

Note. Upper bearing half has a short oil 
groove at each parting line. 

(6) Install lower bearing half (5, fig. 
12-95) in connecting rod bearing cap 
(4). Lubricate bearing half with 
engine oil (OE). 

(7) Install bearing cap on connecting rod 
with identifying numbers on same 
side of rod. Install two screws (3), 
and nuts (2). Tighten nuts to a 


torque of 65 to 75 foot potlnds. In- 
stall cotter pins (1) to secure nuts. 

(8) Check connecting rod side clearance 
on crankshaft. Clearance should be 
0.006 to 0.0012 inch. 

(9) Refer to paragraph 12-25 and install 
oil pump and oil pan. 

(10) Refer to paragraph 12-32 and install 
the cylinder head. 

(11) Refer to paragraph 2-31 and install 
the engine in the motor grader. 

(12) If new parts were installed operate 
the engine on the run-in schedule 
(para 12-57). 

12—43. Pistons 

a. General. The pistons and piston rings 
work inside the cylinder liners. The four upper 
rings on the piston are the compression rings. 
The two lower rings are oil control or wiper 
rings. The lower rings wipe the oil from the 
sides of the liner when the piston is on the 
down stroke. Expanders, placed in the ring 
groove behind the rings, keep the rings in con- 
tact with the walls of the liner. 

b. Removal. Refer to paragraph 12-42 and 
remove the piston and connecting rod from Ihe 
engine and to remove the connecting rod from 
the piston. 

c. Disassembly. 

(1) Use a piston ring remover tool, re- 
move four compression rings (12, fig. 
12-95) from piston as illustrated on 
figure 12-97. 

(2) Remove two oil control rings and ex- 
panders from piston with the tool in 
the same manner. 

Note. Oil control rings are in two halves, 
an upper and lower half. 

(3) If bushings (14) are worn or dam- 
aged and require replacement, install 
the piston in a suitable holding 
fixture. 

(4) Drive the bushings from the piston, 
using a suitable driver. 

d. Cleaning. Clean piston and parts in 
fuel odl and dry with compressed air. If fuel 
oil does not remove carbon deposits use a sol- 
vent (carbon removing compound, Spec. FED 
P-C-111). Dip piston and rings into solvent 
allow to set, and remove. Clean piston in water 
after immersion in solvent. Clean softened 
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Figure 12-97. Piston rings, removal and installation. 


carbon deposits from parts. Clean top of piston 
with a wire brush. Clean piston ring groove 
with a sharp tool. Clean oil holes with a soft 
probe. 

Warning: Use goggles, rubber gloves and 
apron when using solvent. Provide adequate 
ventilation. If solvent is splashed on the skin, 
flush immediately with fresh water and wash 
with alcohol. Alcohol with two to three per- 
cent camphor is preferrable. 

e. Inspection and Repair. 

(1) Inspect piston for wear and damage. 
If tin plate on piston and the origi- 
nal grooves in the rings are intact it 
indicates very little wear. 

(2) Inspect piston for score marks, 
cracks, damaged ring groove lands, 
and indication of overheating. Glean 
up light score marks on piston with 
a fine stone. Replace piston if severe- 
ly scored, cracked, or overheated. 
Check struts inside piston for cracks. 
Replace piston if cracked. 


(3) Measure inside diameter of piston p 
bushing. Diameter should be 1.50i 
to 1.5030 inches. Clearance of piste 
pin (8, fig. 12-95) in bushing shou 
be 0.0025 to 0.0034 inch for ne 
parts. A clearance of 0.010 inch 
allowable for used parts. 

(4) Replace bushings if worn or damag( 
or beyond limits specified. Drr 
bushings from piston. Using a sui 
able fixture, install new bushings 
piston, driving bushings in with 
suitable tool. 

(5) Bushing joints must be toward botto 
of piston as illustrated on figure 11 
98. 

(6) Clamp the piston in a suitable fixtu 
and ream inside diameter of bushinj 
as shown in figure 12-99. Rea 
bushings, using a reamer with a pil 
to aline bushings, to an inside dial 
eter of 1.5025 to 1.5030 inches. 

(7) Clean piston thoroughly after real 
ing. 


12-1 
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Figure 12-98. Location of joint in piston and connecting rod bushings. 


(8) Measure piston diameter, at room 
temperature, as follows. 

(a) Measure piston skirt lengthwise 
and crosswise of the piston pin bore. 

(b) Diameter at top of piston should 
be 4.2190 to 4.2220 inches. 

(c) Diameter at skirt below compres- 
sion rings to bottom should be 
4.2433 to 4.2455 inches. 

(d) Maximum allowable out-of -round 
is 0.0005 inch. 

(e) Maximum taper is 0,0005 inch. 

(/) Replace piston if postion does not 
meet these tolerances. 

(9) Check clearance of piston in cylinder 
liner. Inside diameter of liner should 
be 4.2495 to 4.2511 inches. Hold 
piston upside down in liner as illus- 
trated on figure 12-100. 

Note. Liner should be installed in cylinder 
block. 


(10) Use a feeler gage attached to a spring 
scale as illustrated. Check clearance 
in four places 90° apart. Maximum 
allowable clearance is 0.012 inch. 

(11) Select a feeler gage that, when placed 
between piston and liner, will require 
a six pound pull to remove. This will 
give a piston-to-liner clearance of 
0.001 inch more than thickness of 
feeler gage. If gage measures 0.004 
inch, actual clearance is 0.005 inch. 

(12) If piston binds in liner, remove piston 
and check piston and liner for burs. 
Remove burs with a fine hone and 
check clearances as above. 

(13) All new piston rings must be in- 
stalled whenever a piston is removed. 
Check all rings for porper gap. In- 
stall rings, one at a time, in cylinder 
liner as illustrated on figure 12-101. 
Push ring down far enough to be 
within normal limits of travel and 
parallel with top of liner. Measure 
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Figure 12-99. Reaming piston bushings. 


gap as illustrated on figure 12-101. 
Compression ring gap should be 
0.0180 to 0.0430 inch. In a used liner 
gap can be a maximum of 0.0600 inch. 
Oil ring gap should be 0.0080 to 
0.0230 inch with a maximum for used 
liners of 0.0430 inch. 

(14) If gap is less than indicated, file or 
stone ends of ring to increase gap. 
File or stone from the outer surface 
to the inner surface to prevent chip- 
ping chrome plate. Ends of rings 
must be square and the chamfer must 


be approximately 0.015 inch on the 
outer edge. 

(15) After increasing gap, check gap again 
(fig. 12-101). 

(16) Check piston ring side clearance.In- 
stall ring in ring groove and check 
clearance between ring and lands 
with a feeler gage. Clearances should 
be as listed below. 

(a) Top ring - 0.0095 to 0.013 inch. 
Maximum of 0,0220 inch in used 
piston. 





Figure 12—100, Checking 'piston clearance. 


(h) Number 2 ring - 0.0075 to 0.0110 
inch. Maximum of 0,0150 inch in 
used piston, 

(c) Number 3 and number 4 ring - 
0.0055 to 0.0090 inch. Maximum of 
0.0130 inch in used piston. 

(d) Oil rings - 0.0015 to 0.0055 inch. 
Maximum of 0.008 in used piston. 

(e) If clearances are not as specified re- 
place piston and/or rings. 

(17) Check all parts against tolerances 
listed in Table 1-1. Replace all parts 


not conforming to repair and rebuil 
standards. 

f. Reassembly. 

(1) Refer to figure 12-97 and install com 
pression rings using a piston rin 
expander. 

Note. Do not spread rings more tha 
necessary to slip rings over piston. 

(2) Install oil control rings by hanc 
Scraping edges of rings must fac 
toward bottom of piston. 
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Figure 12-101. Checking 'piston ring gap. 


(3) Install expander carefully in groove. 
Install top ring in groove with ring 
gap 180° from the gap in the ex- 
pander. Install bottom ring in groove 
with gap 45° from gap in upper ring. 

Note. Do not overlap ends of oil control 
ring expanders. Expanders must be cor- 


rectly seated inside of. grooves. Overlapped 
expanders will cause oil control ring to pro- 
trude beyond allowable limits. 

g. histallation. Refer to paragraph 12-42 to 
attach connecting rod to piston and install con- 
necting rod and piston in cylinder liner. 
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Section Xtl. CYLINDER BLOCK 


2-44. General 

a. The cylider block is a cast iron integral 
asting forming the structural basis of the 
ingine. The block is bored to receive the cylin- 
ler liners and has coolant jackets extending 
he full length of the bores. The jackets are 
livided into upper and lower sections which 
.re connected by hollow struts. Coolant from 
he pump enters at the bottom of each jacket 
ind leaves at the top .of the block through 
loles 1 connected to openings in the cylinder 
lead. 

b. An air box surrounds the cooiant jacket 
ind conducts air from the blower to all air in- 
et ports in the cylinder liners. Openings on the 
lide opposite the blower provide access to the 
lir box and permit inspection of pistons and 
ompression rings through air inlet ports (fig. 
. 2 - 102 ). 

c. Camshaft and balance shaft bores are 
ocated on opposite sides near the top of the 
dock. Upper halves of the main bearing sup- 
>orts are cast integrally in the block. The main 
)earing bores are linebored with the bearing 
laps in place to insure longitudinal alinement. 
)rilled passages in the block carry lubricating 
dl to all moving parts of the engine, 

d. The top of the block is grooved to accom- 
nodate a head-to-block seal ring. Individual 
;eal rings seal each water and oil passage be- 
ween the block and the head. The cylinder 
iners are retained in the block by a flange on 
he upper end. The flange rests on an insert 
'fig. 12-103) located in a counterbore. Each 
ylinder has its own compression gasket. When 
he cylinder head is installed the individual 
raskets and seal rings are compressed tO' form 
i tight metal-to-metal contact between the head 
ind the block, 

2-45. Cylinder Block 

a. Removal. 

(1) Refer to paragraph 2-31 and remove 
the engine from the motor grader. 

(2) Refer to paragraph 2-32 and remove 
the clutch. 

(3) Refer to TM 5-3805-237-12 and re- 
move the starter and generator from 
the engine. 


(4) Refer to the following paragraphs 
and remove the items from the engine. 

(a) Paragraph 12-6, blower. 

(5) Paragraph 12-8, exhaust system. 

(c) Paragraph 12-10, radiator. 

(d) Paragraph 12-11, fan and pulley. 

(e) Paragraph 12-12, water pump, 
thermostat, and water manifold. 

(/) Paragraph 12-15, fuel filters. 

(p) Paragraph 12-16, fuel pump. 

{h) Paragraph 12-17, fuel injectors. 

(0 Paragraphs 12-18, throttle linkage. 
{j) Paragraph 12-19, governor. 

{k) Paragraph 12-20, injector control 
tube. 

{1) Paragraph 12-22, oil filter. 

'(m) Paragraph 12-23, oil cooler. 

(n) Paragraph 12-24, oil pan. 

(o) Paragraph 12-25, oil pump. 

(p) Paragraph 12-27, blower drive 
gear. 

{q) Paragraph 12-29, flywheel hous- 
ing. 

(r) Paragraph 12-32, cylinder head. 

(s) Paragraph 12-36, balance weight 
cover and weights. 

{t) Paragraph 12-37, camshaft and 
balance shafts. 

{u) Paragraph 12-40, crankshaft and 
main bearings. 

{v) Paragraph 12-42, connecting rods. 

(5) The above procedures should reduce 
the engine to the block. 

h. Disassembly. 

(1) Remove hourmeter switch (1, fig. 
12-104) from cylinder block. Remove 
elbow and fitting. 

(2) Refer to paragraph 12-46 and remove 
cylinder liners (4, fig. 12-104) from 
cylinder block. Remove inserts (31). 

(3) Disass'emble cylinder block in the 
numerical sequence as illustrated on 
figure 12-104. 

c. Cleaning. 

(1) Remove all pipe plugs from oil 
gallerys and core holes. 



I 




Figure 12-102. Cover and air inlet porta. 


(2) If available, clean cylinder block by 
dipping and agitating it in a hot bath 
of an alkaline solution made up of 
10 ounces of cleaning compound, 
alkali (FED P-C-436) to one 
gallon of water. 

(3) Wash the block with hot water or 
steam clean it to remove alkaline 
Siolution. 

(4) Make certain all water passages, oil 
galleries and air box drain holes are 
clean. 


d. Inspection and Repair. 

(1) Pressure test cylinder block. 

(a) Install core hole plugs. Coat threads 
of plugs with sealant. Install end 
plugs (29, fig. 12-104) with new 
gaskets (30) and install plugs and 
tighten to a torque of 75 to IOC 
foot pounds. Do not exceed torque 
limits. 

(h) Fabricate plates to seal water open- 
ings in top and bottom of block. 
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Figure 12 - 103 , Cylinder liner and insert, cutaway view. 


Install water hole cover (15) and 
gasket (16). 

(c) Drill and tap one cover for a hose 
connection. Before attaching last 


sealing plate fill water jacket wil 
a mixture of water and one gallo 
of permanent type anti-freeze (Tl 
5-3805-237-12). 


12-140 
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1 Hourmeter switch 

2 Elbow 

3 Fitting 

4 Cylinder liner (6) 

5 Screw, cap, hex-head, 3/8-16 X 2 1/8 in. (4) 

6 Washer, flat, 3/8 in, (4) 

7 Clamp 

8 Cover (4) 

9 Cover gasket (4) 

ID Pipe plug (4) 

11 Air box drain tube (2) 

12 Elbow (2) 

13 Screw, cap, hex-head, 5/16-18 X 7/8 dn. (2) 

14 Washer, lock, 6/16 in. (2) 

15 Water hole cover 

16 Cover gasket 
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17 Screw, cap, hex-head, 3/8-16 X 1 in. (6) 

18 Washer, lock, 3/8 in. (6) 

19 Screw, cap, hex-head, 1/2-13 X 1 1/8 in. (2) 

20 Washer, lock, 1/2 in. (2) 

21 Front end plate 

22 End plate gasket 

23 Screw, cap, hex-head, 3/8-16 X 1 in. (6) 

24 Washer, lock, 3/8 in, (6) 

25 Rear end plate 

26 End plate gasket 

27 Cylinder head stud (4) 

28 Dowel pin (4) 

29 Pipe plug (4) 

30 Gasket (4) 

31 Cylinder liner insert (4) 

32 Cylinder block 


Figure 12—lOU. Cylinder block, exploded view. 


(d) Install last sealing plate and secure. 

(e) Apply 80 to 100 psi air pressure to 
cylinder block through hose con- 
nection. Maintain this pressure at 
least two hours. 


if) Examine cylinder bores, air box, oil 
passages, crankcase, and exterior 
of block for evidepce of leakage. 
(g) If any cracks are in Svidence, re- 

nlacp nvlinrlot' blrvolr 


galleries) in the corners of the block 
to be sure pins are flush or below 
top surface of block. 

(3) Check top surface of block for flat- 
ness with an accurate straightedge 
and a feeler gage as illustrated on 

. figure 12-105. 

(a) Top surface must not vary more 
than 0.003 inch transversely or more 
than 0.006 and 0.007 inch longi- 
tudinally on number 3 and 4 cylin- 
der blocks. 

(b) If necessary to grind top surface to 
correct for the above, do not remove 
more than 0.008 inch of metal. 
Stamp amount of metal removed on 
face of block. Distance from center- 
line of crankshaft to top of block 
must not be less than 16.176 inches 
as illustrated on figure 12-106. 

(c) If stock has been removed, check 
depth of seal ring grooves and 


must be 0.092 to 0.107 inch deep. 
Large water hole counterbores must 
be 0.109 to 0.120 inch deep and com- 
bination water and oil counterbores 
and small water hole counterbores 
must be 0.087 to 0.098 inch deep. If 
necessary, deepen grooves or counter- 
bores to retain proper set on the seal 
rings. 

(3) Check blower mounting pad for flat- 
ness with a straightedge. Surface 
must not vary more than 0.004 inch. 

(4) Replace damaged cylinder head studs. 
Drive studs in to a height of 4 3/8 
± 1/32 inches and a minimum torque 
of 75 foot pounds. Check cylinder 
head screw holes. Repair thread with 
a tap if necessary. 

(5) Inspect cylinder liner bores in cylin- 
der block. 

(a) Before checking bores, hone bores 
through their entire length. Use a 



Figure 12~105. Checking top surface of cylinder block. 
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figure 12-106. Minimuvt distance, center of crank- 
shaft to top of cylinder block. 

hone on which the cutting radius 
of the stones can be set at a fixed 
position to remove any irregular- 
ities which may exist. Use a hone 
with 120 grit stones. 

(b) Insert hone in bore and adjust 
stones snugly to narrowest section. 
Hone should not shake in bore, but 
should drag freely up and down 
when hone is not running. 

(ci) Start hone and feel for high spots, 
which will cause increased drag on 
hone. Move hone up and down 
bore with short, overlapping 
strokes about one inch long. Con- 
centrate on high spots on the first 
cut and drag on hone will become 
lighter and smoother. Do not hone 
air inlet port area as long as rest 
of bore. This area cuts away rapidly. 

(d) Judge honing by feel. Do not cut 
too long in one spot. Use a light cut 
with frequent stone adjustments. 

(e) Wash cylinder block thoroughly 
after honing operation is com- 
pleted. 


(f) Visually inspect honed surface. 
There must not be any low spot 
larger in area than 11/4 inches in 
diameter. 

(ff) Measure entire cylinder bore with 
a dial indicator gage as illustrated 
in figure 12-107. Place bore gage 
in master ring and set dial to zero. 
Take measurements at at least six 
positions in bore. Take measure- 
ments 90° apart. Standard size bore 
is 4.6265 to 4.6275 inches. The 
liner-to-block clearance, with a new 
liner is 0.0005 to 0.0025 inch, with 
used parts maximum clearance is 
0.003 inch. Out-of-round of bore 
must not exceed 0.003 inch and the 
taper must not exceed 0.002 inch in 
each bore. 

(h) If bores do not meet specifications 
for diameter, taper, and out-of- 
round, or if liner-to-block clearance 
is greater than 0.003 inch, bores 
must be increased to accommodate 
an oversize liner. Liners are fur- 
nished 0.005, 0.010, 0.020, and 
0.030 inch oversize on the outside 
diameter. To accommodate oversize 
liners, bores must be enlarged. 
Bore out bore to size and hone to 
a smooth finish. Wash the bore 
thoroughly after boring. 

(6) Inspect main bearing bores. 

(a) Install main bearing caps (3, fig. 
12-89) in their original positions. 
Check numbers on caps. Number 1 
bearing is always on the end oppo- 
site the flywheel. Numbered side 
of bearing is always installed on 
blower side of engine. 

(b) Tighten bearing cap mounting 
screws to a torque of 180 to 190 
foot pounds. 

(c) Measure bearing bores. Bores must 
be 3.812 to 3.813 inches in diameter. 
If bores are not within this toler- 
ance, replace cylinder block and 
bearing caps. 

(d) Check alinement of bores. If, after 
installation of standard bearing 
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Figure 12-107. Checking cylinder bore. 

halves and the crankshaft and with 
caps torqued porperly, the crank- 
shaft can be turned freely by hand, 
the bores can be considered in 
line. 

(e) If main bearing bore is 0.001 inch 
out of alinement, block must be line 
reamed or replaced. After reaming 
all bores must meet the 3.812 to 
3.813 inches diameter dimension. 


(7) Inspect cylinder liner cdunterbores, 

(a) Counterbores at top of cylindei 
block must be clean and free oi 
dirt. 

(b) Each counterbore must be 6.046( 
to 5.0485 inches in diameter anc 
0.4770 to 0.4795 inches deep 
throughout the entire circumfer' 
ence. The bottom surface of the 
liner insert must contact th( 
counterbore all the way around anc 
both top and bottom surfaces ol 
insert must be smooth and flat 

(8) Check all machined surfaces anc 
threaded holes for damage. Remove 
nicks and burs with a fine mill file 
Clean damaged threads with a tip, i1 
possible. 

(9) Replace loose or damaged dowel pins 

(10) Install all plugs. Use a good gradt 
of sealing compound on threads o; 
plugs. 

(11) Inspect end plates for nicks, dents 
cracks, and other damage. Checl 
ta'pped holes for damage. Replac 
plates that are damaged on sealing 
surfaces or plates that are warped 

(12) Check all parts against tolerance; 
listed in Table 1-1. Replace all part 
not conforming to repair and rebuih 
standards. 

e. Reassembly. 

(1) Reassemble the cylinder block in re 
verse of the numerical sequence a 
illustrated on figure 12-104. 

(2) Install elbow (2), fitting (3) an* 
hourmeter switch (1) in cylinde 
block. 

(3) Install cylinder liners (4) in cylinde 
block (para 12-46). 

f. Installation. 

(1) Refer to the following paragraph 
and install the itehis on the engine 

(a) Paragraph 12-41, connecting rods 

(b) Paragraph 12-40, crankshaft an 
main bearings. 

(c) Paragraph 12-37, camshaft an 
balance shafts. 

(d) Paragraph 12-36, balance weigh 
cover and weights. 
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(e) Paragraph 12-32, cylinder head. 

(/) Paragraph 12-29, flywheel hous- 
ing. 

(g) Paragraph 12-27, blower drive 
gear. 

(h) Paragraph 12-25, oil pump. 

{i) Paragraph 12-24, oil pan. 

(/) Paragraph 12-23, oil cooler. 

(k) Paragraph 12-22, oil filter. 

(l) Paragraph 12-20, injector control 
tube. 

(m) Paragraph 12-29, governor. 

{n), Paragraph 12-18, throttle linkage. 

(o) Paragraph 12-27, fuel injectors. 

(p) Paragraph 12-16, fuel pump. 

(q) Paragraph 12-15, fuel filters. 

(r) Paragraph 12-12, water pump, ther- 
mostat, and water manifold. 

(s) Paragraph 12-11, fan and pulley. 

(t) Paragraph 12-10, radiator. 

(u) Paragraph 12-8> exhaust system. 

(v) Paragraph 12-6, blower. 

(2) Refer to TM 5-3805-237-12 and in- 
stall the starter and generator on the 
engine. 

(3) Refer to paragraph 2-32 and install 
the clutch on the engine. 

(4) Refer to paragraph 2-31 and install 
the engine in the motor grader. 

12-46. Cylinder Liners 

a. General. The cylinder liners are a slip fit 
into the cylinder bores. The replaceable liners 
are accurately machined and heat treated to 
provide a long wearing surface. A flange at 
the top of the cylinder liner fits into a counter- 
bore in the cylinder block and rests on an in- 
sert, permitting accurate alinement of the liner. 
The top of the liner is in contact with a com- 
pression gasket to seal each cylinder. Cooling 
for the liner is provided by the water jacket 
and by scavenging air entering through the air 
inlet ports. The ports are machined at an angle 
to produce a swirling motion to the air as it 
enters the cylinder. 

h. Inspection of Liner Air Inlet Ports. 

(1) Air inlet ports should be kept free of 
carbon formations for efficient en- 
gine operation. 


(2}. Remove cylinder block covers (8, fig. 
12-104) and check air inlet ports 
(fig. 12-102). 

(3) If ports have an accumulation of 
carbon or sludge which could restrict 
air flow, clean ports. 

(a) Refer to paragraph 12-32 and re- 
move the cylinder head. 

(b) Install clamps as shown in figure 
12-108. 

(c) Rotate engine until piston in cylin- 
der liner to be cleaned is at the 
. boittom of its s^troke. 

(d) Clean all the ports with a suitable 
tool from inside the cylinder. 

(e) Remove all carbon from top of 
piston and from air box outside of 
ports. Check air box drains to see 
they are clean. 

if) Examine inside of liner ports for 
burs. Remove burs by sanding with 
250 grit emery paper. Clean liner 
and air box after sanding. 

(gl Remove the clamps (fig. 12-108) 
from engine. 

(h) Refer to paragraph 12-32 and in- 
stall the cylinder head. 

c. Removal. 

(1) Refer to paragraph 12-42 and remove 
the pistons and connecting rods 
from the cylinder. 

(2) Using a suitable puller tool such as 
illustrated on figure 12-109, remove 
the cylinder liner from the block. 

(a) Slip lower clamp through liner and 
attach clamp to bottom of liner. 

(&) Slide upper clamp (fig. 12-109) 
down to top of liner. 

(c) Slide weight (fig. 12-109) up 
against top of rod, striking top a 
sharp blow to release cylinder 
liner. 

(d) Remove puller and remove cylinder 
liner (4, fig. 12-104) from block. 

(e) Remove cylinder liner insert (31, 
fig, 12-104) from block. 



Figure 12-108. Cylinder liner clamps. 


d. Cleaning. Clean all carbon and residue 
rom cylinder liner. Use care in scraping liner 
0 prevent damage to surface. Clean air inlet 
lorts thoroughly. 

e. Inspection and Repair. 

(1) Inspect cylinder liner for cracks and 
scoring. Replace a cracked or badly 
scored liner. 

(2X Inspect outside diameter of liner for 
material from bore clinging to sur- 
face. Remove material with a coarse, 
flat stone. 

(3) Inspect liner flange. Flange must be 
smooth and flat on both top and 
bottom surfaces. Check flange for 
cracks. If flange is cracked or dented, 
replace cylinder liner. 

(4) Measure inside diameter of liner at 
points indicated, using a bore gage 
having a dial indicator as illustrated 
on figure 12-110. 


(5) Measurements should show the 
following tolerances. 

(a) Taper must not exceed 0.002 inch. 

(&) Out-of -round must not exceed 
0.003 inch. 

(c) If out-of -round exceeds 0.002 inch 
rotate the liner 90° in the cylinder 
block bore and check out-of-round 
again. 

id) Inside diameter od cylinder liner 
should be 4.2495 to 4.2511 inches. 

(e) Ridge at top of piston ring travel 
must be removed from inside of 
liner. 

(6) Used cylinder liners must be honed 
to remove glaze that forms in liner 
and to remove ridge at top of ring 
travel. 

(a) Place cylinder liner in a suitable 
fixture to hold liner assembly. 
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Figure 12-109. Cylinder liner, removal. 

(b) Use 120 grit stones and hone liner 
in a cri&scroiss pattern to produce 
hone marks at a 4'5° axis. 

(cl After honing, clean cylinder liner 
thoroughly. 

(d) Check taper, out-of -round, and in- 
side diameter. Cylinder liner must 
conform to tolerances and piston- 
to-Mner clearance must be within 
0.0040 to 0.0120 inch limits. 


(7) Inspect cylinder liner insert.. Insert 
must be smooth and flat on both top 
and bottom surfaces. Replace insert 
if dented or if insert shows indication 
of flaking or brinelling. 

(8) Wipe inside of liner clean, and check 
bore and counterbores in block to be 
sure they are clean. 

(9) Install cylinder liner insert in counter- 
bore as illustrated on figure 12-103. 

(10) Push liner into block until liner 
flange rests on insert. Liner should 
slide smoothly into place. Do not 
force liner into place. If liner does 
not slide in smoothly, rotate liner 90° 
and insert liner. 

(11) Clamp liner in place with clamps as 
illustrated in figure 12-108. Check 
distance from top of liner to top of 
cylinder block with a dail indicator. 

(a) Liner flange must be 0.0465 to 
0.050 inch below surface of block. 

(b) Although liners meet the above 
tolerances, there must not be over 
0.002 inch difference in depth be- 
tween two adjacent liners. 

(c) If the above distances are not met, 
install liner in another cylinder or 
replace the cylinder liner. 

(d) Make a match mark with chalk or 
paint on the liner and block so 
liners can be installed in the same 
position if removed. Match marks 
should be toward blower side of 
engine. 

(e) Remove the clamps. 

f. Installation. Install all cylinder liners 
and measure them as described above. 

(1) Refer to paragraph 12-42 and install 
the pistons and connecting rods. 

(2) Refer to paragraph 12-42 and check 
piston clearance in cylinder liner. 

(3) After complete assembly, operate the 
engine on run-in schedule (para 12- 
57). 
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XZ = LONGITUDINAL AXIS 
(LENGTHWISE OF ENGINE) 
WY = TRANSVERSE AXIS 
(CROSSWISE OF ENGINE) 


NOTE: ALL DIMENSIONS ARE 
IN INCHES. 



MEASURE INSIDE DIAMETER OF 
LINER AT 14 PLACES, A, B, C, 
D, E, F, G ON "XZ" AND 
"WY" AXES. 


MAXIMUM OUT-OF-ROUND 
0.002 INCH WHEN IN 
PLACE IN BLOCK. 
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Figure 12-110. Cylinder liner measurement diagram. 
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12-47. General 

a. The adjustments required by the engine at 
intervals or after engine overhaul are described 
in this section. Adjustments to an engine that 
is in service are only those necessary to check 
that the various adjustments and settings have 
not changed during operation. 

b. If the cylinder head, governor, or in- 
jectors have been replaced or overhauled, cer- 
tain preliminary adjustments are required be- 
fore the engine is started. The preliminary 
adjustments required are as follows: 

(1) Exhaust valve clearance adjustment. 

(2) Fuel injector timing. 

(3) Governor gap adjustment. 

(4) Injector rack control lever position ad- 
justment. 

c. To completely adjust an engine after over- 
haul has been performed the above four ad- 
justments are required plus the following ad- 
justments. 

(1) Maximum no-load speed adjustment. 

(2) Idle speed adjustment. 

(3) Buffer screw adjustment. 

(41 Throttle booster spring adjustment. 

12-48. Exhaust Valve Clearance 
Adjustment 

a. General. Exhaust valve clearance at nor- 
mal engine operating temperature is important 
to smooth, efficient operation of the engine. 
Whenever the cylinder head is overhauled, ex- 
haust valves are reconditioned, or re^jlaced 
or the valve operating mechanism is replaced 
or disturbed, the valve clearance must be 
adjusted to the cold setting to allow for normal 
expansion as engine warms-up. 

h. Adjustment. 

(1) Refer to paragraph 12-17 and remove 
the rocker cover. 

(2) Place the governor speed control 
lever (fig. 12-32) in the no-fuel 
position. 

(3) Rotate the crankshaft until the in- 
jector follower on number 1 cylinder 
is fully depressed. 

(4) Loosen the push rod locknut (fig. 
12 - 111 ). 


(5) Place an 0.013 inch feeler gage (fig 
12-111) between valve stem am 
rocker arm. 

(6) Adjust the push rod to obtain j 
smooth pull on the feeler gage. Re 
move the feeler gage. 

(7) Hold the push rod with a 5/16 incl 
wrench and tighten the lock nut wit] 
a 1/2 inch wrench. 

(8) Check the clearance again. If th' 
clearance is correct a 0.011 inch feele 
gage will pass freely between th' 
valve stem and the rocker aiTn, bu 
a 0.013 inch feeler gage will not. 

(9) Set remaining seven exhaust valv 
clearances in the same manner in fir 
ing order (1-3-4-2) sequence. 

(10) Start engine (TM 5-3805-237-12; 
and o'perate engine until engine 
reaches operating temperature (160' 
to 185°F). Stop engine. 

(11) With engine at operating tempera 
ture, rotate crankshaft until injecto; 
follower on number 1 cylinder is full;! 
depressed. 

(12) Check valve clearance as describes 
above and illustrated on figure 12- 
111. If valve clearance is correct, i 
0.008 inch feeler gage will pass freel; 
between rocker arm and valve sten 
but a 0.010 inch gage will not paS: 
through. Adjust push rod if necessar; 
to obtain this clearance. 

Note. In making this adjustment it i 
important that engine is within operatini 
temperature limits. If engine cools of 
before adjustments are completed, brini 
engine to operating temperature befor 
continuing with adjustments. 

(13) Check all valves in the same manne: 
in firing order sequence. 

(14) Refer to “paragraph 12-17 and instal 
the rocker cover. 

12-49. Injector Timing Adjustment 

a. General. The injectors are timed prc 
perly when the injector follower is ad juste' 
to a definite height in relation to the injecto 
body. This height varies with the type of in 
jectors incorporated in the engine. All of th 
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Figure 12-111. Adjusting valve clearance. 


injectors should be timed in firing order se- 
quence (1-3-4-2). 

6. Adjustment. 

(1) Place the governor speed control 
lever (fig. 12-32) in the no fuel po- 
sition. 

(2) . Refer to paragraph 12-17 and re- 

move the rocker cover. 

(3) Rotate the crankshaft until the ex- 
haust valves on number 1 cylinder 
are fully depressed. 


(4) Place the small end of injector timing 
gage in the hole 'pj'ovided in top of 
inj ector body with the flat of the gage 
toward injector body as illustrated on 
figure 12-112. 

Note. Inject timing gage has a timing 
dimension of 1.460 inches as shown in figure 
12-112. The gage number is 72582^1863, 
available from General Motors. 

(5) Loosen the injector push rod lock nut 
(fig. 12-112). Turn the push rod and 
adjust the injector rocker arm until 
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the extended part of the follower will 
just pass over the top of the injector 
follower. 

(6) Hold push rod and tighten locknut. 
Check the adjustment and, if neces- 
sary, readjust the push rod. 

(7) Adjust the timing of the remaining 
three injectors in the same manner. 

(8) Refer to paragraph 12-17 and install 
the rocker cover. 

2-50. Injector Rack Control Adjustment 

а. General. Properly positioned injector 
ack control levers determine the amount of 
uel injected into each cylinder and equalizes 
listribution of the load. The control levers 
oust be positioned with the governor at the 
nil load setting. 

б. Adjustment. 

(1) Adjust governor gap (para 12-51), 

(2) Refer to paragraph 12-17 and remove 
the rocker cover. 

(3) Disconnect throttle linkage from 
governor stop lever (para 12-18). 

(4) Loosen the locknut (fig. 12-114) and 
back out buffer screw (fig. 12-114) 
approximately 5/8 inch.- 

(5) Loosen all eight inner and outer con- 
trol lever adjusting screws (fig. 12- 
113). 

(6) Move the governor speed control 
lever (fig. 12-113) to the maximum 
speed position (all the way back). 

(7) Move governor stop lever (fig. 12- 
113) to the run position (forward). 
Hold lever in run position with light 
finger pressure. 

(8) Turn inner adjusting screw (fig. 12- 
113) on number 1 injector rack con- 
trol lever down until a step up in 
effort to hold the stop lever in run 
position is noted. This places number 
1 injector rack in the full fuel po- 
sition. 

(9) Turn down outer adjusting screw 
.(fig, 12-113) until it bottoms lightly 
on injector control tube. 

(10) Alternately tighten inner and outer 
adjusting screws to hold adjustment. 


Note, The above step should result in 
placing governor linkage and control tube 
in the same positions they will attain when 
running at full load. 

(11) Check adjustment as follows: 

(a) Hold the stop lever (fig. 12-113) 
in the run position. 

(5) Press down on the rack control 
lever (fig. 12-113) with a screw 
driver or finger tip, causing the in- 
jector control tube to rotate. When 
controil lever is released, injector 
rack should return to its original 
position. If rack does not return to 
its original position, setting is too 
loose. To correct, back off outer 
adjusting screw (fig. 12-113) 
slightly and tighten inner adjust- 
ing screw slightly. 

(c) Setting is too tight if, when moving 
governor stop lever (fig. 12-113) 
from the stop to the run position, 
the injector rack becomes tight be- 
fore stop lever reaches the end of 
its travel. If this occurs back off 
inner adjusting screw slightly and 
tighten outer screw slightly. 

id) Continue adjustments above until 
injector control rack operates 
smoothly through its complete 
length of travel. 

(e) Completion of these adjustments 
should establish number 1 injector 
control rack lever in full fuel po- 
sition. 

(12) With number 1 cylinder fuel injector 
adjusted as above, adjust remain- 
ing injectors as follows: 

(a) Manually hold number 1 injector 
rack in the full fuel position (all 
the way in), 

(6) Turn inner adjusting screw on 
number 2 control lever down until 
number 2 injector rack has moved 
into the full fuel position and ad- 
justing screw is bottoming on in- 
jector control tube. 

(c) Turn outer adjusting screw down 
until it bottoms lightly on control 
tube. Alternately tighten both 
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Figure 12—113, Adjusting injector rack control lever. 


inner and outer adjusting screws 
until tight. 

(d) Recheck number 1 injector rack to 
be sure it has remained snug on the 
ball end of the control levers while 
positioning number 2 rack. If rack 
on number 1 injector has become 
loose, back off inner adjusting 
screw on number 2 control lever 
slightly and tighten outer adjust- 
intr sr.rftw sliVhtlv. 


Note. Da not change setting of number 

1 injector control lever and rack while 
adjusting remaining control levers. 

(e) Oontinue adjustments until number 

2 injector rack functions in accord- 
ance with number 1 injector rack. 

(13) Adjust two remaining injectors in the 
same manner. 

(14) Refer to paragraph 12-17 and install 
the rocker cover. 

(15) Refer to paragraph 12-18 and connect 
linkage to stop lever. 
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2-51. Governor Gap Adjustment 

a. General. When the governor speed con- 
roil lever is at full fuel position a gap must 
•e maintained between the spring plunger and 
he plunger guide in the governor control 
.ousing. 

b. Adjustment. With the engine stopped, 
djust the governor gap as follows. 

(1) Refer to paragraph 12-19 and remove 
the governor cover. 

(2) Set the governor speed control lever 
(fig. 12-115) in the full fuel position 
(all the way back). 

(3) Insert a 0.006 inch feeler gage be- 
tween the spring plunger (fig. 12- 
115) and the plunger guide. Check 
pressure on feeler gage. 

(4) If necessary, loosen locknut (fig. 12- 
115 ]l and turn adjusting screw (fig. 
12-115) in or out until a slight drag 
is felt on the feeler gage. 

(5) Hold the adjusting screw and tighten 
locknut to secure adjustment. Check 
gap, after tightening nut, to be sure 
gap is correct. Readjust if necessary. 

(6) Refer to paragraph 12-19 and install 
governor cover. 


\ 2-52. Maximum No-Load Speed 
Adjustment 

a. General. Maximum no-load speed on 
engines equipped with variable speed governors 
must not be less than 125 rpm or more than 
150 rpm above the recommended full .load 
speed of 1975 rpm, 
h. Adjustment. 

(1) Operate engine (TM 5-3805-237-12) 
and allow engine to reach operating 
temperature (160° to 185° F). 

(2) With a hand tachometer, determine 
the maximum no-load speed of the 
engine, 

(3) If no-load speed is below 2100 rpm 
no adjustment is required. 

(4) If no-load speed is above 2100 rpm 
adjust as follows: 

(u) Disconnect the booster spring (fig. 
12-114) and return spring. 

(5) Refer to paragraph 12-19 and re- 
move the variable speed spring 
housing (fig. 12-114). from the 
governor control housing. 

(c) Disassemble the variable speed 
spring housing (fig, 12-42) and 
remove or install retainer stops (7 
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Figure 12~115. Adjusting governor gap. 


and 8, fig. 12-42) or shims (9, 
fig. 12-42) to attain speed re- 
quired. 

Note. For each 0.001 inch shim thick- 
ness added the operating- speed -will in- 
crease one rpm. Shims are available in 
0.010 inch and approximately 0.078 inch 
thicknesses. 

{d) Install variable speed spring hous- 
ing (para 12-19) and connect 
springs. Check maximum no-load 
speed. Readjust with shims and 
stops, if necessary, to obtain re- 
quired speed. 


Note. If no-load speed is raised or 
lowered more than -50 rpm by installation 
or removal of shims, check governor gap 
setting (para 12-61) and adjust if neces- 
sary. If governor gap required adjust- 
ment, check injector contro‘1 lever settings 
(para 12-50). 

12-53. Idle Speed Adjustment 

a. Genral. After adjusting the maximum 
no-load speed, adjust the idle speed. The 
recommended idle speed is 600 to 600 rpm. 

b. Adjustment. 

(1) Start the engine (TM 5-3805-237- 
12) and run the engine until it reaches 
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operating temperature (160° to 186° 
F). 

(2) Place governor speed control lever- 
(fig. 12-1141 in the idle position and 
the governor stop lever in the run 
•position. 

(3) Loosen locknut (fig. 12-114) and 
back out the buffer screw (fig. 12- 
114). 

(4) Loosen locknut and back out idle 
speed adjusting screw (fig. 12-114) 
until engine is operating at approxi- 
mately 15 r'pm below desired idle 
speed. 

(5) Hold locknut and tighten adjusting 
screw. 

(6) Adjust buffer screw (para 12-54). 

2-54. Buffer Screw Adjustment 

a. GenraL After adjusting the idle speed 
he buffer screw must be adjusted to compen- 
ate for the 15 rpm required to bring idle speed 
0 desired limits. 

b. Adjustment. 

(1) If not already loosened, loosen buffer 
screw locknut (fig. 12-114). 

(21 Turn buffer screw (fig. 12-114) in 
until engine is operating at recom- 
mended idle speed. 

Note. Do not raise idle speed more than 
16 rpm with buffer screw. 

(3) Hold buffer screw and tighten lock- 
nut. 

2-55. Booster Spring Adjustment 

a. General. With the idle s'peed and buffer 
crew adjusted, the booster spring must be ad- 
usted. The booster spring (fig. 12-114) helps 
tiove the governor speed control lever. 

Section XiV. ENGINE 

2-56. General 

a. Whenever the engine has been completely 
•verhauled or has had any major repair opera- 
ion such as installation of piston rings, 
)istons, cylinder liners, or bearings, the engine 
hould be run-in before being placed in service, 
rhe run-in operation will aid in uncovering 


b. Adjustment. 

(1) Loosen booster spring retaining nut 
on the governor speed control lever. 

(2) Loosen nut and locknut on the eye- 
bolt (fig. 12-114) at the other end 
of the booster spring. 

(3) Move spring retaining screw (fig. 12- 
114) up or down in slot in governor 
speed control lever until center of 
screw is on or slightly below an 
imaginary line through the center of 
the screw, the lever shaft (fig. 12- 
114) and the eye bolt. Hold the screw 
in position and tighten the locknut. 

(4) Start the engine (TM 5-3805-237- 
12) and move the governor speed con- 
trol lever (fig. 12-114) to maximum 
speed position (all the way back). 

(5) Release the governor speed control 
lever. The lever should return to idle 
position. If lever does not return to 
idle position, reduce the spring 
tension by loosening nut on eye bolt. 

(6) If lever does return to idle position, 
increase spring tension by tighten- 
ing nut on eye bolt. Move governor 
speed control lever to full speed po- 
sition and release. Keep increasing 
spring tension until a point is 
reached where governor control 
lever will not return to idle position. 

(7) Loosen nut on eye bolt until lever 
will return to idle position. Tighten 
locknut on eye bolt. 

(8) Adjusting booster spring in this 
manner will result in a minimum of 
force required to operate governor 
speed control lever. 

RUN-IN INSTRUCTIONS 

any malfunctions which could crop up after 
repair and will break the engine in to be ready 
for service. 

b. The run-in should be accomplished with 
the engine coupled to a dynamometer, if possi- 
ble. If a dynamometer is not available use a 
driven mechanism as a load. For run-in pur- 
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motor grader and o^perated through the run- 
in schedule if necessary. 

12-57. Engine Run-In Schedule 

a. General. Peform the following opera- 
tions before starting the engine after an over- 
haul. 

(1) If not already performed, perform or 
check the following adjustments. 

(а) Exhaust valve clearance (cold 
engine) (para 12-48). 

(б) Injector timing (para 12-49). 

(c) Governor adjustments (para 12-51 
through 12-55). 

(2) Check drain plugs in cooling system 
to see that they are all installed and 
fill the cooling system with coolant 
(TM 5-3805-237-12). 

(3) Remove the rocker cover (para 12-17)' 
and pour approximately two quarts 
of engine oil (OE) over the rocker 
arms and push rods. Refer to current 
LO for correct grade of oil. Install 
rocker cover (para 12-17) . 

(4) Fill crankcase with correct grade of 
engine oil (OE) to the full mark on 
the dipstick. Refer to current LO. 

(5) Prime the fuel filter (para 12-15) 
and fill the fuel tank with fuel oil. 

(6) Refer ' to TM 5-3805-237-12 and 
check grader for maintenance that 
may have to be per formed before 
using grader to test engine. 

h. Preparation for Run-In. 

(1) Start the engine (TM 5-3805-237- 

121 . 

(2) Immediately after starting, check 
engine oil pressure. If there is no oil 
pressure, stop the engine. Check the 
lubricating system. Start engine and 
check oil 'pressure. Pressure should 
be 30 to 60 psi. 

(3) Run the engine at approximately half 
throttle for five minutes- or until 
engine reaches operating temperature. 

G. Run-In Schedule. 

(1) Run the engine for 15 minutes at a 
15% of rated load. Speed should be 
1200 rpm. Stop engine. 
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as described in paragra'ph 12-48. 

(6) Check injector timing as described 
in paragraph 12-49. 

(c) Check governor adjustments as 
described in ’paragraphs 12-51 
through 12-55. 

(2) Start the engine and run at 50% of 
rated load for one hour at 1,400 rpm. 

(3) Advance load to 75% of rated load 
and increase speed to 1,600 rpm and 
run engine for one hour. 

(4) Place 100% of rated load on the 
engine and operate engine at 1800 
rpm for 30 minutes. Stop engine. 

{a) Perform checks listed under (1) 
above on valves, injectors and 
governor. 

(h) Inspect engine for oil and water 
leaks. Correct any leaks that are in 
evidence. 

(c) Tighten all external screws on 
engine. 

(5) Start engine and run at 100% of rated 
load at governed speed for 30 minutes. 

(6) Maintain a close check on oil 'pressure 
and engine temperature during 
engine run-in. 

(a) A minimum engine temperature of 
160°F should be maintained during 
run-in. 

(b) Engine oil pressure should be at 
least 18 psi at 1,200 rpm and 24 
psi or over at 1,600 rpm. Normal 
pressure will be considerably higher. 

d. After Run-In Procedures. 

(1) Change lubricating oil and install new 
oil filter element (TM 5-3805-237- 
12) after run-in to remove any 
metallic or foreign material accumu- 
lated during this period. 

(2) . Check all accessories and a'pplications 

for proper installation and operation. 

(3) Check valve clearances (para 12-48), 
injector timing (para 12-49), and 
governor adjustments (para 12-51 
through 12-55). 
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A-1 . Operating Instructions 

TM 5-3805- Operator and Organizational Maintenance. Grader, Road, Moltorize( 
237-12 Diesel Engine Driven; 13,300 Lb Pressure at Blade: 6 Wheels, 4 Drr 

ing, 2 Steerable, Leaning Front Wheels: w/Scarifier (Le Tourneau- 
Westinghouse Model 440HA) FSN 3805-931-7881. 


A-2. Maintenance 

TB ENG 347 
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200-15 
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Winterization Techniques for Engineer Equipment, 

Operation and Maintenance of Army Materiel in Exitreme Cold Weathe; 
Maintenance Storage Batteries — Lead Acid Type. 

Army Equipment Record Procedures. 
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Accelerator-decelerator : 

Adjustment 

Disassembly 

Inspection 

Installation 

Reassembly 

Removal 

Repair 

Adjustments : 

Accelerator-decelerator 

Booster spring 

Buffer screw 

Exhaust valve clearance 

Governor gap 

Injector control rack 

Injector timing 

Moldboard circle 

Parking brake 

Throttle linkage 

Wheel brake 

Voltage regulator 

Air cleaner: 

Disassembly 

Insi)ection 

Installation 

Reassembly 

Removal 

Repair 

Air inlet housing: 

Inspection 

Installation 

Removal 

Repair 

Air system: 

General 

Balance shaft: 

Disassembly 

Inspection 

Installation 

Reassembly — 

Removal 

Repair 

Block, cylinder (see cylinder block) : 
Blower assembly: 

Disassembly 

Inspection 

Installation 

Reassembly & — 

Removal 

Renair 


12-18 

12-18 

12-18 

12-18 

12-18 

12-18 

12-18 

12-18 

12-&5 

12 - B 4 

12-48 

12-51 

12-50 

12-49 

9-6 

8-8 

12-18 

2-6 

11-6 

12-4 

12-4 

12-4 

12-4 

12-4 

12-4 


12-5 

12-5 

12-5 

12-5 

12-3 


12-87 

12-37 

12-37 

12-37 

12-37 

12-37 


12-6 

12-6 

12-6 

12-6 

12-6 

12-6 
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12-47 

12-47 

12-47 

12-47 

12-47 

12-47 

12-47 

12-47 

12-156 

12-156 

12-149 

12-154 

12-152 

12-149 

9-9 

3—3 

12-47 

8-4 

11-11 

12-2 

12-2 

12-3 

12-3 

12-1 

12-2 

12-3 

12-8 

12-3 

12-3 

12-1 


12-111 

12-113 

12-117 

12 - 11'5 

12-111 

12-113 


12-5 

12-5 

12-10 

12-8 

12-3 

12-5 
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Paraarraph 


lower drive gear: 

Disassembly 12-27 

Inspection 12-27 

Installation ' 12-27 

Reassembly 12-27 

Removal 12-27 

Repair 12-27 

ooster spring adjustment 12-66 

rake hydraulic lines: 

Inspection 8-6 

Installation 8-6 

Removal 8-5 

Repair 8-6 

rake linkage: 

Inspection &-7 

Installation ^8-7 

Removal 8-7 

Repair 8-7 

uffer spring adjustment 12-64 

am follower: 

Inspection 12-34 

Installation 12-34 

Removal 12-34 

Repair 12-34 

amshaft: 

Disassembly 12-37 

Inspection 12-37 

Installation 12-37 

Reassembly 12-37 

Removal 12-37 

Repair 12-37 

ircle, moldboard (see moldboard circle) : 
ircle reverse mechanism: 

Disassembly 6-19 

Inspection 6-21 

Installation 2-35 

Reassembly 6-22 

Removal 2-36 

Repair 6-21 

lutch assembly: 

Disassembly 10-8 

Inspection 10-8 

Installation 2-32 

Reassembly 10-8 

Removal * 2-32 

Repair 10-8 

Hutch brake and housing; 

Disassembly 10-6 

Inspection 10-6 

Installation 10-6 

Reassembly 10-6 

Removal 10-6 

Repair 10-6 

Hutch linkage: 

Insi)ection 10-6 

Installation 10-6 

Removal 10-5 

Repair 10-6 
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12-80 

12-80 

12-82 

12-80 

12-79 

12-80 

12-166 

8-3 

8-3 

8-3 

8-3 

8-7 

8-7 

8-7 

8-7 

12-166 


12-106 

12-106 

12-106 

12-106 

12-111 

12-113 

12-117 

12-115 

12-111 

12-113 


6-8 

6-9 

6-17 

6-9 

2-14 

6-9 


10-12 

iO-12 

2-12 

10-13 

2-12 

10-13 


10-7 

10-7 

10-7 

10-7 

10-6 

10-7 


10-6 

10-6 

10-6 

10-6 
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Cold weather starting aid: 

Inspection 

Installation 

Removal 

Repair 

Connecting rods: 

Disassembly 

Inspection 

Installation 

Reassembly 

Removal 

Repair 

Control shafts: 

Inspection 

Installation 

Removal 

Repair 

Control tube, fuel injector: 

Adjustment 

Disassembly 

Inspection 

Installation 

Reassembly 

Removal 

Repair 

Control valve, moldboard shift: 

Disassembly 

Inspection 

Installation 

Reassembly 

Removal 

Repair 

Cooler, oil (see Oil cooler) : 
Cooling system: 

General 

Cover, balance weight: 

Inspection 

Installation 

Removal 

Repair 

Cover, front, crankshaft: 

Inspection 

Installation 

Removal 

Repair 

Crankshaft: 

Disassembly 

Inspection 

Installation 

Reassembly 

Removal 

Repair 

Cylinder head : 

Disassembly 

Inspection 

Installation 

Reassembly 

Removal 

Repair 


12-6 

12-6 

12-6 

12-6 

12-42 

12-42 

12-42 

12-42 

12-42 

12-42 


9-2 

9-2 

9-2 

9-2 

12-60 

12-20 

12-20 

12-20 

12-20 

12-20 

12-20 

7-21 

7-21 

7-21 

7-21 

7-21 

7-21 


12-9 

12-86 

12-86 

12-86 

12-86 

12-89 

12-89 

12-39 

12^9 

12-40 

12-40 

12-40 

12-40 

12-40 

12-40 


12-82 

12-32 

12-82 

12-82 

12-82 

12-82 


Pag« 


12-8 

12-8 

12-8 

12-3 

12-129 

12-129 

12-182 

12-131 

12-129 

12-129 


9—1 

9-1 

9-1 

9-1 

12-162 

12-66 

12-66 

12-66 

12-66 

12-67 

12-66 

7-18 

7-13 

7-14 

7-14 

7-14 

7-14 


12-14 

12-109 

12-100 

12-109 

12-109 

12-118 

12-118 

12-117 

12-118 

12-119 

12-120 

12-124 

12-124 

12-119 

12-120 


12-98 

19-96 

12-lOC 

12-96 

12-91 

19-96 


Under liner: 

[nspection 

[nspection of ports 

[nstallation 

Removal 

Repair 

awbar : 

Disassembly 

[nspection 

[nstallation 

Reassembly 

Removal 

Repair 

ive unit: 

[nstallation 

Removal 

igine: 

[nstallation 

Removal 

Repair instructions 

Igine emergency shutdown : 

[nspection 

[nstallation 

Removal 

Elepair 

Igine repairs 

Igine run-in schedule 

:haust system: 

General 

[nspection 

[nstallation 

Removal 

Etepair 

[haust valves: 

Adjustment 

[nspection 

[nstallation 

Removal 

Elepair 

chaust valve clearance adjustment 

in and pulley: 

Disassembly 

Inspection . 

Installation 

Reassembly 

Removal 

Repair 

Iters, fuel (see Fuel filters) : 
liter, oil (see Oil filter) : 
nal drive: 

Disassembly 

Inspection 

Installation 

Reassembly 

Removal 

Repair 


12-46 

12-146 

12-46 

12-145 

12-46 

12-147 

12-46 

12-145 

12-46 

12-146 

9-6 

9-9 

9-6 

9-9 

9-6 

9-9 

9-6 

9-9 

9-6 

9-9 

9-6 

9-9 

2-30 

2-11 

2-30 

2-6 

2-31 

2-12 

2-31 

2-11 

1 ^- 1— 67 

12 - 1 — 12-157 

12-6 

12-3 

12-6 

12-3 

12-6 

12-3 

1^5 

12-3 

12-2 

■ 12-1 

12-67 

12-167 

12-7 

12-12 

12-8 

12-13 

12-8 

12-13 

12-8 

12-12 

12-8 

12-13 

12-48 

12-149 

12-38 

12-102 

12-33 

12-106 

12-33 

12-102 

12-33 

12-102 

12-48 

12-149 

12-11 

12-14 

12-11 

12-14 

12-11 

12-16 

12-11 

12-16 

12-11 

12-14 

12-11 

12-14 


4-10 

4-12 

4-14 

4-13 

4-9 

4-12 


4-6 

4-6 

4-10 

4-6 

4-5 

4-5 


Paragraph 


Flywheel : 

Disassembly 

Installation 

Reassembly 

Removal 

\ 

Flywheel housing: 

Disassembly 

Inspection 

Reassembly 

Removal 

Repair . 

Front axle: 

Inspection 

Installation 

Removal 

Repair 

Front lean wheel gear assembly 

Disassembly 

Inspection 

Installation 

Reassembly 

Removal 

Repair 

Fuel filters: 

Disassembly 

Inspection 

Installation 

Reassembly 

Removal 

Repair 

Fuel injectors: 

Adjustment 

Care and maintenance 

Inspection 

Installation 

Operation — 

Reassembly 

Removal 

Repair 

Testing 

Timing 

Disassembly 

Fuel pump: 

Disassembly 

Inspection 

Installation 

Reassembly 

Removal 

Repair 

Fuel system: 

General 

Fuel tank: 

Inspection 

Installation 

Removal 

Repair 


12-28 

12-28 

12-28 

12-28 


12-29 

12-29 

12-29 

12-29 

12-29 


8-11 
8-11 
_ 8-11 

- 8-11 


6-33 

6-36 

6-37 

6-36 

2-37 

6-86 


12-16 

12-16 

12-16 

12-16 

12-16 

12-16 


12-60 

12-17 

12-17 

12-17 

12-17 

12-17 

12-17 

12-17 

12-17 

12-49 

12-17 


12-16 

12-16 

12-16 

12-16 

12-16 

12-16 


12-13 


12-14 

12-14 

12-14 

12-14 


Gear, drive, blower (see Blower drive gear) : 
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Paragraph 


ears, timing: 

Disassembly 12-37 

Inspection 12-37 

Installation 12-37 

Reassembly 12-37 

Removal 12-37 

Repair 12-37 

enerator : 

Disassembly 11-4 

Inspection 11-4 

Installation 11-4 

Reassembly 11-4 

Removal 11-4 

Repair 11-4 

Testing 11-4 

ovemor : 

Adjustments: 

Booster spring 12-66 

Buffer screw 12-64 

Gap 12-61 

Idle speed 12-63 

Maximum no-load speed 12-62 

Description 12-19 

Disassembly 12-19 

General 12-19 

Inspection 12-19 

Installation :• 12-19 

Operation / 12-19 

Reassembly 12-19 

Removal 12-19 

Repair 12-19 

Governor gap adjustment 12-61 

lead, cylinder (see Cylinder head) : 
lousing, flywheel (see Flywheel housing) : 
lydraulic cylinder, moldboard shift: 

Disassembly 7-23 

Inspection 7-23 

Installation 7-23 

Reassembly 7-23 

Removal 7-23 

Repair 7-23 

lydraulic lines: 

Inspection 7_6 

Installation 7-7 

Removal 7-4 

Repair , 7_6 

lydraulic pumps: 

Disassembly 7-10 

Inspection 7_12 

Installation 7-14 

Reassembly 7_13 

Removal 7_9 

Repair 7_12 

die speed adjustment 12-63 

njector control rack adjustment 12-60 

njector, fuel (see Fuel injectors) 

njector timing adjustment 12-49 
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12-111 

12-113 

12-117 

12-116 

12-111 

12-113 

11-8 

11-9 

11-9 

11-9 

11-8 

11-9 

11-9 


12-166 

12-166 

12-164 

12-166 

12-164 

12-63 

12-67 

12-63 

12-68 

12-66 

12-64 

12-61 

12-67 

12-68 

12-164 


7-16 

7-16 

7-18 

7-16 

7-16 

7-16 

7-2 

7-2 

7-2 

7-2 

7-6 

7-6 

7-7 

7-6 

7-6 

7-6 

12-166 

12-162 

12-149 
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Insert, valve seat: 

Inspection 12-33 

Installation 12-33 

Removal 12-32 

Repair 12-33 

Lateral shift gear assembly: 

Disassembly 6-26 

Inspection 6-28 

Installation 2-36 

Reassembly 5-29 

Removal 2-36 

Repair 6-28 

Liner, cylinder (see Cylinder liner) ; 

Lubrication system: 

General 12-21 

Main bearings: 

Inspection 12-40 

Installation 12-40 

Removal 12-40 

Repair 12-40 

Master cylinder, brake: 

Disassembly 8-8 

Inspection 8-8 

Installation 8-8 

Reassembly 8-8 

Removal 8-8 

Repair 8-8 

Maximum no-load speed adjustment — 12-62 

Moldboard : 

Inspection 9-4 

Installation 9-4 

Removal 9-4 

Repair 9-4 

Moldboard circle: 

Adjustment 9-6 

Disassembly 9-6 

Inspection 9-6 

Installation 9-6 

Reassembly 9-6 

Removal 9-6 

Repair 9-6 

Moldboard lift gear assemblies: 

Disassembly 5-5 

Inspection 6-7 

Installation 2-33 

Reassembly 5-8 

Removal 2-38 

Repair 6-7 

Oil cooler: 

Disassembly 12-23 

Inspection 12-23 

Installation 12-23 

Reassembly 12-23 

Removal 12-23 

Repair 12-23 
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n-m 

12-105 

12-91 

12-102 


6-13 

5- 18 
2-15 

6- 13 
2-15 
6-13 


12-67 


12-120 

12-124 

12-119 

12-120 


8-9 

8-9 

8-10 

8-10 

8-7 

8-9 

12-164 


9-7 

9-7 

9-7 

9-7 


9-9 

9-9 

9-9 

9-9 

9-9 

9-9 

9-9 


5-1 

5- 1 
2-12 

6- 3 
2-12 

5-1 


12-67 

12-69 

12-69 

12-69 

12-67 

12-69 
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il filter: 

Disassembly 12-22 

Inspection 12-252 

Installation 12-22 

Reassembly 12-22 

Removal 12-22 

Repair 12-22 

il pan: 

Inspection 12-24 

Installation 12-24 

Removal 12-24 

Repair 12-24 

il ptimp: 

Disassembly 12-26 

Inspection 12-26 

Installation 12-26 

Reassembly 12-26 

Removal 12-25 

Repair 12-26 

arking brake: 

Adjustment 3-8 

Disassembly 3-3 

Inspection 3-6 

Installation 3-7 

Reassembly 3-6 

Removal 3-2 

Repair 3-6 

istons : 

Disassembly li2-43 

Inspection 12-43 

Installation 12-43 

Reassembly 12-43 

Removal 12-43 

Repair 12-43 

'ower control box: 

Disassembly 6-3 

Inspection 6-3 

Installation 2-38 

Reassembly 6-3 

Removal 2-38 

Repair 6-3 

'ower control box propeller shaft : 

Disassembly 10-3 

Inspection 10-3 

Installation 10-3 

Reassembly 10-3 

Removal 10-3 

Repair 10-8 

Gilley, fan (see Fan and pulley) : 

*ump, fuel (see Fuel pump) : 

*ump, oil (see Oil pump) : 


ladiator : 

Disassembly 12-10 

Inspection 12-10 

Installation 12-10 

Reassembly 12-10 

Removal 12-10 

Repair 12_io 


12-67 

12-67 

12-67 

12-67 

12-67 

12-67 

12-70 

12-70 

12-70 

12-70 

12-71 

12-74 

12-77 

12-77 

12-71 

12-74 


3-3 

3-1 

8-1 

3-3 

3-3 

3-1 

3-1 


12-132 

12-133 

12-137 

12-136 

12-132 

12-133 


6-6 

6-7 

2-16 

6-8 

2-16 

6-7 


10-1 

10-1 

10-1 

10-1 

10-1 

10-1 


12-14 

12-14 

12-14 

12-14 

12-14 

12-14 
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eering gear assembly: 

Disassembly 7-19 

Inspection 7-19 

Installation 7-19 

Reassembly 7-19 

Removal 7-19 

Repair 7-19 

:eering system relief valve (see relief valve, steering system) 
lifter levers: 

Disassembly 3-10 

Inspection 3-10 

Installation 3-10 

Reassembly 3-10 

Removal 3-10 

Repair 3-10 

lifter mechanism : 

Inspection 3-11 

Installation 3-11 

Removal 3-11 

Repair 3-11 

jecially designed tools and equipment 2-2 

3ecial tools and equipment 2-1 

andem assemblies: 

Disassembly 4-3 

Inspection 4-5 

Installation 4-7 

Reassembly 4-6 

Removal 4-2 

Repair 4-6 

ie rods: 

Inspection 8-10 

Installation 8-10 

Removal 8-10 

Repair 8-10 

hermostat : 

Inspection 12-12 

Installation 12-12 

Removal 12-12 

Repair 12-12 

hrottle linkage: 

Adjustment 12-18 

Inspection 12-18 

Installation 12-18 

Removal 12-18 

Repair 12-18 

iming gears (see gears, timing) : 
ransmission: 

Disassembly 3_13 

Inspection 3_16 

Installation 3_10 

Reassembly 3_16 

Removal 3_13 

Repair 3_16 

ransmission drive shaft: 

Inspection 10_4 

Installation 10-4 

Removal 10-4 

Repair 10_4 
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7-9 

7-11 

7-11 

7-12 

7-9 

7-11 


3-4 

3-4 

3-4 

3-4 

3-4 

3-4 


3-4 

3-4 

3-4 

3-4 

2-1 

2-1 


4-1 

4-3 

4-4 

4-3 

4-1 

4-3 

8-13 

8-13 

8-13 

8-13 

12-16 

12-19 

12-15 

12-16 

12-47 

12-47 

12^7 

1:2-47 

12-47 


3-7 

3-10 

3-10 

3-10 

3-7 

3-10 

10-2 

10-3 

10-2 

10-2 
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Troubleshooting : 

General 2-3 

Subsequent paragraphs 2-3 — 2-28 

Tabulated data 1-4 

Valve, exhaust (see exhaust valves) ; 

Vertical drive housing: 

Disassembly 6-2 

Inspection 6-2 

Installation 2-38 

Reassembly 6-2 

Removal 2-38 

Repair 6-2 

Voltage regulator: 

Adjustment 11-6 

Disassembly 11-6 

Inspection 11-6 

Installation 11-6 

Reassembly 11-6 

Removal 11_6 

Repair 11~6 

Watermanifold: 

Inspection 12-12 

Installation 12-12 

Removal 12-12 

Repair 12-12 

Water pump: 

Disassembly 12-12 

Inspection 12-12 

Installation 12-12 

Reassembly 12-12 

Removal ^ 12-12 

Repair 12-12 

Wheels : 

Disassembly 8-4 

Inspection 8-4 

Installation 8-4 

Reassembly 8-4 

Removal 8-4 

Repair 8-4 

Wheel brake assembly: 

Adjustment 8-6 

Disassembly 8-6 

Inspection 8-6 

Installation 8-6 

Reassembly 8-6 

Removal 8-6 

Repair 8-6 

Road test 8-6 
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Major General, United States Army, 
The Adjutant General. 


Distribution: 


Active Army; 

USASA (2) 

ACSI (1) 

DCSLOG (1) 

CNGB (1) 

TSG (1) 

CofEngrs (3) 

CC-E (1) 

Dir of Trans (1) 

CofSptS (1) 

USAMB (1) 

USA Arty Bd (2) 

USA Armor Bd (2) 
USAIB (2) 

USARADBD (2) 
USAAESWBD (2) 
USAAVNTBD (2) 
USCONARC (3) 

OS Maj Comd (5) except 
USARJ (1) 
USASETAF (2) 

USAMC (1) 

USACDCEC (1^0) 
USAMECOM (46) 

MDW (1) 

Armies (2) 

Corps (2) 

USAC (1) 

Engr Bde (1) 

USMA (2) 

Svc Colleges (2) 

Br Svc Sch (2) 

Gen Dep (10) 

Engr Dep (10) 

Army Dep (2) except 
TOAD (3) 

USA Tml Comd (2) 
Army Tml (1) 

Div Engr (2) 


Engr Dist (2) 

Engr Cen (5) 

AMS (3) 

MAAG (1) 

JBUSMC (1) 

Army Attaches (1) 

Mil Msn (1) 

Engr F'LDMS (2) 

Ft Knox FLDMS (10) 

USACOMZEUR (2) 

USA Engr R&D Lab (3) 

USAREUR Engr Proc Cen (2) 

USAREUR Engr Sup Con Agcy (10) 

Units org under fol TOE:-2 ea. UNOlINDC 


6-15 



6-16 



6-36 


6-408 

5-36 


6-420 

6-38 


6-426 

6-45 


6-427 

6-46 


5-600 (EA., EB: 

6-48 


6-600 

5-54 


5-626 

5-107 


5-627 

6-116 


7 

6-117 


7-100 

6-118 


17-100 

6-127 


29-16 

5-145 


29-17 

5-146 


29-26 

5-165 


29-27 

5-166 


29-36 

5-237 

(5) 

29-79 

5-262 

(6) 

87 

5-267 

(1) 

37-100 

5-278 

(5) 

39-51 

5-279 


39-61 

6-405 


77-100 


NG: State AG (3). 

USAR: Same as Active Army allowance is one (1) copy each. 
For explanation of abbreviations used, see AR 320-60. 
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